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FOREWORD 

This  document  is  intended  as  a  guide  to  assist  a  systems  engineer 
in  the  design  of  a  TIROS-N  ground  receiving  station.  The  document 
presents  known  spacecraft  and  orbital  information,  minimum  param- 
eters required  to  define  signal  thresholds  and  signal  level  ranges, 
a  few  words  on  antenna  tracking,  and  examples  of  the  design  process. 
Readers  with  either  minimal  or  extensive  RF  experience  should  find 
this  document  useful. 

The  information  contained  in  this  document  is  believed  to  be  current 
and  accurate  as  of  fall  1976.  Some  parameters  may  change  slightly 
up  to  the  TIROS-N  launch.  However,  it  is  expected  that  the  changes 
would  not  affect  the  results  presented.  Should  the  designer  have 
more  recent  information,  he  will  be  able  to  follow  the  calculations 
and  apply  the  appropriate  changes. 
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SECTION  1  -  INTRODUCTION 
1.1  General 


The  evolving  requirements  of  satellite  data  users  and  the  improved 
space  technology  now  available  have  led  to  the  initiation  of  a  third  gener- 
ation polar  satellite  series.  TIROS-N/NOAA,  for  which  the  first  launch  is 
planned  for  early  1978,  is  designed  to  provide  better  data  than  the  present 
polar  orbiters.  Because  of  the  advanced  design,  new  or  modified  ground 
facilities  are  required  to  receive,  process,  and  disseminate  TIROS-N  data 
to  the  user  community.  This  document  is  intended  to  serve  as  a  guide  for 
designing/modifying  a  receiving  station  to  be  utilized  with  the  TIROS-N/ 
NOAA  spacecrafts.  Personnel  affiliated  with  the  Department  of  Commerce/NOAA, 
universities,  private  industry,  and  foreign  governments  should  find  this 
document  useful  for  constructing  their  particular  receiving  stations. 

1  .2  Document  Contents 

This  document  presents  the  needed  spacecraft  and  orbital  information, 
and  the  parameters  required  to  receive  and  demodulate  the  RF  downlinks  and 
to  define  the  data  threshold  and  RF  signal  range  of  the  receiving  system. 

Section  2,  Mission/Spacecraft  Information,  describes  the  goals  and 
objectives  of  the  third  generation  polar  satellite  and  design  parameters 
of  the  planned  orbit  and  spacecraft.  This  background  information  forms  the 
basis  from  which  the  calculations  and  receiving  parameters  are  derived. 

Section  3,  S-band/VHF  Thresholding  Parameters,  information  is  supplied 
to  determine  the  data  threshold  and  RF  signal  range  expected.  The  antenna 
gains,  system  noise  temperatures,  and  dynamic  range  of  the  RF  receiving 
system  are  derived  for  all  TIROS-N  data  downlinks.  This  section  applies 
to  the  space  link  and  its  effect  on  the  receiving  station  front  end. 

Section  4,  S-band/VHF  Receiving  Parameters,  contains  information  useful 
for  determining  how  to  configure  the  receiving  system  to  demodulate  all  data 
downlinks.  Calculations  and  results  are  independent  of  what  has  occurred  in 
the  space  links  and  apply  strictly  to  receiver/demodulation  characteristics. 

Section  5,  Examples,  provides  examples  for  using  information  contained 
in  the  earlier  sections.  In  particular,  three  types  of  examples  are 
shown  --  the  APT  only  station,  the  HRPT  only  station,  and  an  all  VHF  down- 
link station. 

The  document  appendices  supplement  the  text  and  provide  the  basic  cal- 
culations used  to  derive  the  information  in  the  text.  Appendix  A  contains 
the  link  calculations  and  graphs  of  antenna  gain  versus  system  noise 
temperature  for  all  downlinks  under  various  elevation  angles  and  threshold 
margins.  Basic  calculations  are  in  Appendix  B.  Appendix  C,  Antenna  Move- 
ments, contains  a  discussion  of  various  antenna  mounts  and  derivations  of 
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of  the  required  velocities  and  accelerations  for  those  mounts.  This  appendix 
is  included  for  information  purposes  only.  References  are  listed  in  Appendix 
D;  abbreviations  and  acronyms  are  listed  in  Appendix  E. 

1 .3  Document  Use 

This  document  is  for  use  by  people  of  various  backgrounds.  Throughout 
the  text,  discussions  guide  the  reader  to  what  is  presented,  the  initial 
conditions,  and  how  to  use  the  results.  The  general  public,  or  persons  with 
minimal  knowledge  of  RF  ground  systems,  will  find  it  necessary  to  read  and 
understand  the  total  document,  especially  Section  5.  A  person  with  RF 
design  experience  will  find  portions  of  this  document  useful  in  his  TIROS-N 
ground  system  design  and  will  be  able  to  extract  his  information  quickly. 
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SECTION  2  -  MISSION/SPACECRAFT  INFORMATION 
2.1  General 


The  goals  and  objectives  of  the  TIROS-N  polar  satellite  mission  and  the 
pertinent  parameters  of  the  orbit  and  spacecraft  are  stated  in  this  section. 

2.2  TIROS-N/NOAA  Polar  System 

The  National  Environmental  Satellite  Service  (NESS)  operates  a  network  of 
satellites  and  associated  ground  facilities  to  provide  data  used  in  meeting 
the  National  Oceanic  and  Atmospheric  Administration  (NOAA)  responsibilities 
in  meteorological  prediction  and  warning,  oceanographic  and  hydrologic  services 
and  space  environment  prediction  and  warning.  The  evolving  requirements  of 
the  satellite  data  users  and  the  improved  technology  now  available  have  led 
to  the  initiation  of  a  third  generation  polar  satellite  series.  TIROS-N/NOAA, 
with  its  first  launch  planned  for  1978, is  being  designed  to  provide  better 
data  than  the  present  polar  satellites.  Its  major  data  improvements  will 
be  higher  accuracy  and  an  increase  in  the  number  of  atmospheric  temperature 
and  water  vapor  soundings,  increased  spectral  radiometric  information  for  more 
accurate  sea  surface  temperature  mapping  and  delineation  of  melting  snow  and 
ice  fields,  a  remote  platform  location  and  data  collection  capability,  and 
increased  proton,  electron,  and  alpha  particle  spectral  information  for 
improved  solar  disturbance  prediction.  The  present  direct  broadcast  services 
will  be  continued. 

This  is  a  NASA  and  NOAA  cooperative  program;  NASA  funds  the  development 
and  launch  of  the  first  flight  hardware  and  procures  and  launches  subsequent 
space  hardware  on  a  reimbursable  basis.   NOAA  funds  subsequent  flight  hardware . 
establishes  the  ground  facilities,  and  operates  the  satellites  in  orbit.  The 
first  NASA-funded  satellite  of  this  new  series  is  called  TIROS-N.  Subsequent 
NOAA-funded  satellites  are  called  N0AA-A,-B,  -C,  etc.,  before  flight,  and  will 
be  named  NOAA-n+1 ,  -n+2,  etc  (where  n  is  the  number  for  the  last  successful 
ITOS  spacecraft)  after  they  are  successfully  orbited. 

2.2.1  Atmospheric  Sounding 

One  of  the  primary  purposes  for  the  new  TIROS-N/NOAA  satellite  system  is 
to  improve  the  accuracy  of  the  temperature  soundings,  to  improve  the  yield 
of  such  soundings,  especially  in  cloudy  regions,  and  to  increase  the  number 
of  levels  at  which  water  vapor  content  determinations  are  made. 

The  TIROS  Operational  Vertical  Sounder  (TOVS)  will  provide  data  for  trans- 
mission to  both  the  HRPT  and  beacon  data  receiving  stations.  The  data  will  be 
transmitted  in  digital  format  at  full  instrument  resolution  and  accuracy. 
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The  TOVS  consists  of  three  separate  and  independent  subsystems,  the  data  from 
which  may  be  combined  for  computation  of  atmospheric  temperature  profiles. 
The  three  instruments  are: 

1.  The  Basic  Sounding  Unit  (BSU) 

2.  The  Stratospheric  Sounding  Unit  (SSU) 

3.  The  Microwave  Sounding  Unit  (MSU). 

A  fourth  instrument  is  being  considered  for  flight  on  later  spacecraft  of 
this  series.  This  instrument  would  provide  measurements  in  the  4.3  pm  region 
as  well  as  the  15  pm. 

The  BSU  is  designed  to  provide  global  infrared  radiance  data  for  calculation 
of  1)  temperature  profiles  from  the  earth's  surface  to  the  10  mb  level  in  the 
stratosphere  for  clear  or  partially  cloudy  skies,  2)  water  vapor  content  at 
three  levels  in  the  atmosphere,  and  3)  total  ozone  content  of  the  atmosphere. 
To  accomplish  this,  the  14  channels  shown  in  Table  2-1  are  used. 


Table  2-1.— BSU 

spectral  channels 

Central 

Half  Power 

Wave  No. 

Bandwidth 

Wavelength 

NE  AN 

(cm-1) 
2700 

(cm-1) 
300 

(pm) 

(mW/m^-sr.cm"! ) 
0.003 

3.70 

2350 

50 

4.26 

0.03 

1030 

25 

9.71 

0.20 

899 

15 

11.12 

0.15 

750 

15 

13.33 

0.20 

735 

15 

13.61 

0.20 

715 

15 

13.99 

0.20 

700 

15 

14.29 

0.20 

690 

15 

14.49 

0.25 

678 

15 

14.75 

0.25 

669 

3.5 

14.95 

0.75 

532 

25 

18.80 

0.25 

432 

25 

23.15 

0.25 

340 

25 

29.41 

0.25 

The  Instantaneous  Field  of  View  (IF0V) 
across  the  satellite  track  by  use  of  a 


of  all  detectors 
rotating  mirror 


will  be  stepped  together 
This  cross-track  scan, 


combined  with  the  satellite's  motion  in  orbit,  will  provide  coverage  of  a  major 


fraction  of  the  earth's  surface, 
are  indicated  in  Table  2-2. 


The  essential  parameters  of  the  instrument 
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Table  2-2.--  BSU  instrument  parameters 


Parameter 

Value 

Cal i brat ion 

Stable  blackbody  and  space 
background 

Cross-track  scan 

±49.5°  (±1127  km) 

Scan  time 

6.4  sec 

Number  of  steps 

56 

Step  angle 

1.8° 

Step  time 

100  ms 

Ground  IFOV  at  na 

dir 

21 .8  km  diameter 

Ground  IFOV  at  scan  er 

id 

73.2  km  cross  track  by 

37.3  km  along-track 

Distance  between 

IFOV 

s 

42  km  along-track 

Data  rate 

2.88  kbps 

The  SSU  employs  a  selective  absorption  technique  to  make  measurements 
in  three  channels.  The  spectral  characteristics  of  each  channel  are  deter- 
mined by  the  pressure  in  a  carbon  dioxide  gas  cell  in  the  optical  path.  The 
amount  of  carbon  dioxide  in  the  cells  determines  the  height  of  the  weighting 
function  peaks  in  the  atmosphere.  SSU  characteristics  are  shown  in  Tables 
2-3  and  2-4. 


Table  2-3.--SSU  channel  characteristics 


Channel 
Number 

15 
16 
17 


Central 
Wave  No, 
(cm-1) 

668 
668 
668 


Cell 

Pressure 

(mb) 

100 
35 

10 


Pressure  of  Weighting 
Function  Peak  (mb) 

15 
5 
1.5 
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Table  2-4.--SSU  instrument  parameters 


Parameter 

Value 

Calibration 

Stable  blackbody  and  space 
background 

Cross-track  scan 

+40°  (+737  km) 

Scan  time 

32  sec 

Number  of  steps 

8 

Step  angle 

10° 

Step  time 

4  sec 

Ground  IFOV  at  no 

idir 

147  km  diameter 

Ground  IFOV  at  scan  end 

244  km  cross-track  by 

186  km  along-track 

Distance  between 

IFOV's 

210  km  along-track 

Data  rate 

480  bps 

The  MSU  is  a  four  channel  Dicke  radiometer  making  passive  measurements 
in  the  5.5  mm  oxygen  band  with  characteristics  shown  in  Tables  2-5  and  2-6. 


Table  2-5.--MSU  channel  characteristics 


Parameter 

Value 

Channel  frequencies,  GHz 
Channel  bandwidths,  MHz 

NE  AT 

50.3,  53.74,  54.96, 

200 

0.3°K 

57.95 

Table  2-6.--MSU  instrument  parameters 


Parameter 

Value 

Calibration 

Hot  reference  body  and  space 

background  each  scan  cycle 

Cross-track  scan  angle 

+47.35° 

Scan  time 

25.6  sec 

Number  of  steps 

11 

Step  angle 

9.47° 

Step  time 

1.84  sec 

Angular  resolution 

7.5°  (3  dB) 

Data  rate 

320  bps 
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2.2.2  High  Resolution  Radiometry 


One  of  the  TIROS-N  goals  is  to  improve  upon  the  present  NOAA  series 
Scanning  Radiometer  (SR)  and  Very  High  Resolution  Radiometer  (VHRR)  so  that 
it  will  be  possible  to  provide  more  accurate  sea  surface  temperature  measure- 
ments and  improve  the  ability  to  differentiate  clouds,  water,  solid  snow  and 
ice,  and  melting  snow  and  ice.  This  will  be  accomplished  by  designing  an 
instrument  sensitive  to  four,  end  eventually  five,  spectral  channels  for 
the  TIROS-N/NOAA  satellites. 

The  Advanced  \lery   High  Resolution  Radiometer  (AVHRR)  will  provide  the 
data  for  transmission  to  both  APT  and  HRPT  users.  HRPT  data  will  be  trans- 
mitted at  full  resolution  (1.1  km);  APT  output  will  have  reduced  resolution 
to  maintain  allowable  bandwidth  constraints.  The  AVHRR  for  TIROS-N  and 
four  or  five  follow-on  spacecraft  is  a  scanning  radiometer  sensitive  in  four 
spectral  regions  (see  Table  2-7).  A  change  in  the  instrument  design  which  will 
add  a  fifth  channel  in  the  12  micrometer  region  is  being  made.  The  resulting 
five  channel  instruments  are  planned  for  flight  on  later  spacecraft  in  the 
series.  The  APT  system  will  transmit  data  from  any  two  of  the  AVHRR  channels. 
The  HRPT  system  will  transmit  data  from  all  channels.  In  order  to  avoid 
future  changes  on  the  spacecraft  and  in  the  ground  receiving  equipment, 
the  TIROS-N  HRPT  data  format  is  being  designed  as  though  the  AVHRR  were  already 
a  five  channel  instrument.  When  operating  with  the  four  channel  instrument, 
the  data  from  one  channel  (11  micrometers)  will  be  inserted  in  the  data 
stream  twice  so  that  the  basic  data  format  will  be  the  same  for  both  the  four- 
and  five-channel  versions. 


Table  2-7. --AVHRR  spectral  coverage 


Parameter 

Ch.  1 

Ch.  2     Ch.  3 

Ch.  4 

Ch.  5* 

Spectral  range  (ym) 

.55-. 9 

.725-1.0   3.55-3. 

93 

10.5-11.5 

11.5-12.5 

Detector  type 

Silicon 

Silicon    InSb** 

HgCdTe*** 

HgCdTe*** 

Resolution  (IFOV) 

1 .3  mr 

1 .3  mr    1 .3  mr 

1 .3  mr 

1 .3  mr 

1.1  km 

1.1  km    1.1  km 

1.1  km 

1.1  km 

Line  rate 

per 

*Channel  5  will  not  be  included  for  the  first  TIROS-N  flight,  but  is  included 
on  later  TIROS-N/NOAA  flights. 

**Indium  Antimonide 

***Mercury  Cadmium  Telluride 
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The  data  from  the  AVHRR  will  be  available  from  the  satellite  in  four 
operational  modes: 


1 .  Direct  readout 

Transmission 
two  channels 

2.  Direct  readout 

Picture  Trans 
1.1  km  resolu 

3.  Global   on-board 

spectral  chan 
in  the  Suitla 

4.  On-board  record 

orbit  at  1 .1 


to  ground  stations  of  the  Automatic  Picture 
(APT)  class,  world-wide,  at  4  km  resolution, 
selectable  by  ground  command, 
to  ground  stations  of  the  High  Resolution 
mission  class  (HRPT)  class,  world-wide,  at 
tion,  of  all  spectral  channels. 

recording  of  4  km  resolution  data  from  all 
nels  for  commanded  readout  for  processing 
nd  central  facility. 

ing  of  data  from  selected  portions  of  each 
km  resolution  for  central  processing. 


2.2.3  Data  Collection  and  Platform  Location 


The  TIROS-N  satellites  will  include  a  new  capability  for  operational 
polar  environmental  satellites,  a  Data  Collection  and  Platform  Location  Sys- 
tem (DCPLS).  It  will  provide  for  the  receipt  and  storage  of  data  (e.g., 
temperature,  pressure,  altitude,  etc.)  from  fixed  and  moving  platforms  for 
later  transmission  to  the  central  processing  facility,  and  for  the  location 
of  the  moving  platforms.  The  platform  location  is  for  the  purpose  of  de- 
termining the  velocity  of  the  fluid  medium  in  which  the  platform  is  immersed 
(i.e.,  wind  velocity  in  the  case  of  balloons  and  ocean  current  at  a  depth  of 
the  drogue  in  the  case  of  buoys).  The  accuracy  which  will  be  achieved  is  a 
function  of  the  position  location  accuracy  for  each  fix,  the  time  interval 
between  fixes,  the  geometry  of  the  satellite  and  platform  paths  of  flight, 
and  the  representativeness/responsiveness  of  the  platform  motion.  A  few  of 
the  more  interesting  DCPLS  parameters  are  tabulated  in  Table  2-8. 


Table  2-8.  —  DCPLS 

parameters 

System  Parameters 

Value 

Data  bit  error  rate 

2  x  10"5 

Location  accuracy 

5-8  km  rms 

Wind  speed  accuracy 

±3  mps 

Visibil ity  circle 

5°  elevation 

No.  of  platforms  in  circle 

200  max.* 

Total  platforms  over  globe 

2000  max. 

Platform  Parameters  (typical) 

Frequency 

401.65  MHz 

Emitted  power 

3  W 

Bit  rate 

400  bps 

Message  duration 

420  ms 

Message  repetition  period 

40-80  sec 
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*Number  of  platforms  requiring  location,  velocity  determinations,  and 
telemetering  four  sensor  channels,  visible  in  a  5°  visibility  circle. 
Actual  number  will  depend  on  mix  of  platforms. 


2.2.4  5pace  Environment  Monitoring 

The  Space  Environment  Monitor  (SEM)  data  will  also  be  included  in  HRPT 
and  beacon  transmission.  This  instrument,  consisting  of  three  separate 
and  independent  components,  is  being  designed  to  measure  solar  proton, 
alpha  particle,  and  electron  flux  density,  energy  spectrum  and  the  total  ' 
particulate  energy  disposition  at  satellite  altitude.  The  three  components 
are: 

1.  Total  Energy  Detector  (TED). 

2.  Medium  Energy  Proton  and  Electron  Detector  (MEPED). 

3.  High  Energy  Proton  and  Alpha  Detector  (HEPAD). 

The  SEM  characteristics  are  shown  in  Table  2-9. 


Table  2-9.--SEM  Instrument  Characteristics 


Component 

TED 
MEPED 


Detector 
Channel tron 
Solid  State 


HEPAD 


Cerenkov 
Scintillator 
with  photo 
multiplier 


Measurement 
0.3  Kev  to  20  Kev  in  11  bands 

Telescope:  Protons  30  Kev  to 
2500  Kev  5  bands 

Telescope:  Electrons  >30  Kev  to 
>300  Kev  3  bands 

Telescope:  ions  >6  Mev 

Omni     :  Protons  >10  Mev,  >30 
Mev,>60  Mev 

Protons  370  Mev  to 
>850  Mev  in  4  bands 

Alphas  >640  Mev  and 
>850  Mev 
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2.3  Orbital  Information 


The  TIROS-N  spacecraft  will  be  launched  into  a  near-polar,  sun- 
synchronous  orbit  at  nominal  altitudes  of  830  and  870  km  and  will  be 
capable  of  operating  in  orbits  having  a  0800  +  2  hours  local  solar  time 
descending  node,  or  a  1600  +  2  hours  ascending  node.  Elements  of  the 
mission  orbit  are  as  follows: 

a)  Semi -major  axis 7211.54  km 

b)  Inclination 98.70  degrees 

c)  Anomalistic  period 101 .58  minutes 

d)  Height  of  perigee 833.3  km 

e)  Height  of  apogee 833.4  km 


2.4  Spacecraft  Structure  and  Configuration 

The  spacecraft  configuration  will  be  designed  for  a  two-year  life  and 
will  be  divided  into  a  spacecraft  bus  subsystem  and  an  instrument  subsystem. 
The  spacecraft  bus  subsystem  houses  the  basic  structure/thermal,  power, 
attitude  determination  and  control,  and  communications  and  data  handling 
subsystems.  The  instrument  subsystem  houses  the  radiometer,  sounder,  SEM, 
DCS,  and  tape  recorder  subsystems. 
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The  structure  uses,  as  a  baseline,  a  Block  5D  (Air  Force  funded 
satellite)  integrated  structure  modified  as  required  for  the  N0AA  mission. 
An  integrated  Block  5D  structure  consists  of  a  solar  array,  an  injection 
motor  structure,  and  an  equipment  support  module  and  instrument  mounting 
platform.  The  total  estimated  weight  at  launch  of  TIROS-N  including  the 
injection  motor  and  payload  is  3100  pounds. 

The  spacecraft  thermal  control  is  designed  for  all  sun  angles  between 
0°C  to  68  C,  internal  maximum  and  minimum  power  dissipation,  and  for  end-of- 
mission  life  conditions.  Active  and  passive  thermal  control  similar  to  that 
used  on  Block  5D  should  confine  the  temperature  of  the  spacecraft  internal 
equipment  to  a  range  of  5°C  to  25°C  and  the  instruments  to  a  range  of  10°C 
to  30°C. 

A  drawing  of  the  TIROS-N  spacecraft  is  shown  in  Figure  2-1. 

2.5  Spacecraft  Electronic  Systems 

The  TIROS-N  spacecraft  uses  a  variety  of  telecommunications  links  for 
receiving  and  transmitting  sensor  data,  for  transmitting  spacecraft  house- 
keeping and  status  data,  and  for  receiving  commands  from  selected  ground 
stations.  A  three-axis  attitude  control  system  permits  control  of  the 
spacecraft  attitude.  Electrical  power  is  generated  by  an  independently 
driven  solar  array,  with  storage  provided  by  batteries  for  eclipse  periods, 
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peak  loads,  and  launch.  A  simplified  block  diagram  of  the  spacecraft 
electronic  systems  is  presented  in  Fiaure  2-2. 


2.5.1  Power  Subsystem 

The  power  subsystem  provides  +28  vdc  regulated  power  and  +10  v  and  +5  vdc 
power  for  control  signal  interfacing.  The  power  subsystem  is  a  direct  energy 
transfer  type  and  will  provide  430  watts  average  power  at  end  of  life.  Two 
30  ampere-hour  batteries  are  supplied. 

2.5.2  Attitude  Determination  and  Control 
Subsystem  (ADACS) 

The  ADACS  to  be  used  consists  of  a  primary  attitude  determination  sub- 
system, a  sun  sensor  unit,  an  earth  sensor  assembly,  reaction  wheels,  and 
torque  coils.  During  normal  operation,  the  ADACS  will  stabilize  the  space- 
craft with  the  yaw  axis  aligned  with  the  local  geodetic  vertical  and  the  roll 
axis  aligned  with  the  orbit  plane. 

2.5.3  Telecommunications  System 

The  telecommunications  system  consists  of  a  very   high  frequency  (VHF), 
ultra  high  frequency  (UHF),  and  S-band  links  for  the  transmission  and  reception 
of  data.  In  general,  the  spacecraft  is  capable  of  downlink  transmissions  of 
TIP,  HRPT,  APT,  Global  Area,  Limited  Area,  and  dump  TIP  data.  The  specific 
links  used  depend  on  the  particular  interfacing  ground  station  as  well  as  the 
phase  of  the  mission.  Commanding  may  be  accomplished  from  either  of  the  two 
NOAA/NESS  Command  and  Data  Acquisition  (CDA)  Stations.  The  DCS  uplink  signals 
are  limited  by  the  distribution  of  the  remote  DCP's. 

The  downlinks  and  uplinks  of  this  system  are  as  follows: 

a)  Downlinks  --  The  spacecraft  downlinks  are  on  two  VHF  and  three 
S-band  frequencies. 

1)  One  VHF  downlink  will  normally  contain  real-time  TIP  8.32  kbps 
split  phase  PCM  data.  The  data  phase  modulates  the  carrier. 
Two  carrier  frequencies  (136.77  MHz  and  137.77  MHz)  are 
available  on  each  spacecraft.  Only  one  frequency  can  be 
transmitting  at  a  time.  The  selection  of  frequency  is  deter- 
mined by  ground  command. 
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2)  The  second  VHF  downlink  will  normally  contain  analog  APT  data. 
The  APT  data  amplitude  modulates  a  2.4  kHz  subcarrier  which, 
in  turn,  frequency  modulates  the  carrier.  Two  frequencies 
(137.5  and  137.62  MHz)  are  available  on  each  spacecraft.  Only 
one  frequency  can  be  utilized  at  any  one  time.  The  frequency 
selection  is  determined  via  ground  command. 

3)  The  three  S-band  downlinks  provide  for  four  data  transmissions: 
HRPT,  Global  Area,  Limited  Area,  and  Stored  TIP.  The  three 
transmitters  operate  at  different  frequencies  (1698.0,  1702.5, 
and  1707.0  MHz)  within  a  15  MHz  band  centered  at  1702.5  MHz  with 
PSK  modulation.  Each  transmitter  is  coupled  to  one  of  three 
S-band  quadrifilar  antennas.  The  center  frequency  transmitter 
is  left-hand  circularly  polarized  while  the  other  two  are  right- 
hand  circularly  polarized.  One  right-hand  circularly  polarized 
link  is  used  continuously  to  support  the  HRPT  link  unless 
failures  occur. 

b)  Uplinks  --  The  uplinks  capable  of  being  received  by  the  spacecraft 
are  VHF  command  and  UHF  DCS  data. 

1)  The  UHF  uplink  is  used  to  receive  data  from  the  data  collection 
platform  (DCP)  system.  This  uplink  is  demodulated,  processed, 
and  the  data  presented  to  the  TIP  for  downlinking  to  the  ground 
station  and  for  recording  on  the  spacecraft  recorders.  The 
UHF  uplink  frequency  is  401.65  MHz. 

2)  The  VHF  command  uplink  can  only  be  generated  by  the  assigned 
NESS  ground  stations.  The  VHF  uplink  frequency  is  148.56  MHz 
and  contains  the  1000  bps  FSK  command  information. 

A  simplified  telecommunications  system  is  presented  in  Figure  2-3. 

2.5.3.1  TIROS  Information  Processor  (TIP) 

The  TIP  formats  data  signals  and  status  telemetry  into  one  8320  bps 
signal  and  distributes  it  where  required.  Inputs  to  the  TIP  include:  the 
TOVS  data,  the  SEM  data,  the  received  data  collection  data,  housekeeping 
telemetry,  and  on-board  computer  data.  These  data  are  time  division 
multiplexed  into  a  format  determined  by  a  stored  program  within  the  TIP. 

The  TIP  can  operate  in  each  of  three  modes:  mission  mode,  boost  mode, 
and  dwell  mode.  In  the  mission  mode  (orbital  data  and  on-board  computer 
data),  data  from  the  low  rate  instruments,  housekeeping  telemetry,  and 
computer  data  is  formatted  into  a  32-second  major  frame  consisting  of  320 
minor  frames.  Each  frame  is  0.1  second  in  duration  and  consists  of  104-8- 
bit  words.  The  boost  mode  format  provides  selected  bi-level  and  analog 
telemetry,  computer  data,  and  digitized  telemetry  from  three  vibration 
sensors.  The  boost  mode  data  rate  is  16  kbps  and  is  used  only  for  the 
launch  phase.  In  the  dwell  mode,  a  wideband  sampling  technique  allows  for 
sampling  a  particular  analog  telemetry  point  by  preempting  every   data  word 
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in  the  format  (except  sync,  command  verification,  spacecraft  address,  and 
frame  status).  This  mode  can  be  used  to  monitor  critical  operations  or 
as  a  troubleshooting  tool. 

The  TIP  output  data  stream  is  directed  to:  the  VHF  link  for  continuous 
real-time  transmission,  the  digital  recorders  during  multiple  missed  orbits 
for  later  playback,  and  the  MIRP  for  multiplexing  with  the  AVHRR  data 
(HRPT,  etc.). 

2.5.3.2  Manipulated  Information  Rate  Processor  (MIRP) 

The  function  of  the  MIRP  is  to  buffer,  process,  and  format  digital 
data  from  the  four  or  five  AVHRR  channels  and  TIP  into  the  required  output 
formats.  The  MIRP  processes  the  AVHRR  words  to  produce  10,240  words  of 
earth  data  per  scan.  The  scan  rate  is  six  lines  per  second  and  each  word 
has  ten  bits.  The  unit  configuration,  processing  algorithms,  and  output 
data  rates  are  consistent  with  a  five-channel  AVHRR.  When  operating  a 
four-channel  AVHRR,  one  of  the  four  channels  will  be  repeated  to  maintain 
these  rates.  The  MIRP  contains  large  multiaccess  buffer  stores  to:  1) 
permit  a  continuous  output  of  earth  scan  data  during  the  time  the  AVHRR  is 
viewing  space,  and  2)  process  the  earth  scan  data  into  the  desired  digital 
signals.  The  MIRP  output  formats  are: 

a)  High  resolution  video  data  (665.4  kbps)  sent  to  the  S-band  trans- 
mitters for  real -time  transmission  (HRPT), 

b)  Limited  high  resolution  data  (665.4  kbps)  sent  to  the  recorders  for 
storage  and  later  playback  (LAC), 

c)  Low  resolution  global  stored  data  (66.54  kbps)  sent  to  the 
recorders  for  storage  and  later  playback  (GAC),  and 

d)  Medium  resolution  video  data  (APT  analog  on  2.4  kHz  subcarrier) 
sent  to  VHF  transmitter  for  real-time  transmission. 

2.5.3.3  Digital  Data  Recorders 

Five  digital  data  recorders  comprise  the  TIROS-N  recording  system  and 
utilize  one-mil  thick,  %-inch  wide  tape.  Each  digital  data  recorder 
contains  two  tape  transports  and  one  electronics  package.  Only  one  tape 
transport  per  recorder  can  be  operated  at  a  time.  The  high  resolution 
video  data  and  the  global  stored  data,  which  were  recorded  at  665.4  kbps 
and  66.54  kbps,  respectively,  are  reproduced  as  1.33  Mbps  split  phase  or 
2.66  Mbps  NRZ  data  and  sent  to  the  S-band  transmitters.  The  TIP,  which 
was  recorded  as  8320  bps,  is  reproduced  as  332.7  kbps  split  phase  data  and 
sent  to  the  S-band  transmitters.  When  more  than  one  recorder  is  played 
back,  they  are  accomplished  in  parallel.  However,  the  maximum  number  which 
can  be  transmitted  at  one  time  is  three  if  the  HRPT  is  deleted. 
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2.5.3.4'  VHF  Data  Downlinks 


The  real-time  TIP  and  APT  data  are  simultaneously  transmitted  by  both 
VHF  downlinks.  The  VHF  downlink  characteristics  are  as  follows: 

1 )  Frequency 

a)  TIP:  136.77,  137.77  MHz 

b)  APT:  137.5,  137.62  MHz 

2)  Frequency  stability  +2  x  10"^ 

3)  Transmitter  power 

a)  TIP:  1.0  watt 

b)  APT:  5.5  watts,  beginning  of  life 

5.0  watts,  end  of  life 

4)  Antenna  gain, TIP 

a)  on  axis,  nadir         +5.8  dBi 

b)  5  degree  elevation       ^6.0  dBi 

c)  Gain  over  90%  of  sphere  -14.0  dBi 

5)  Antenna  gain,  APT:  see  Figure  2-4 

6)  Polarization 

a)  TIP:  linear 

b)  APT:  right  circular 

7)  Antenna  type 

a)  TIP:  dipole 

b)  APT:  quadrifilar  helix 

8)  Total  antenna-transmitter  loss 

a)  TIP:  3.5  dB 

b)  APT:  2.1  dB 

9)  Modulation 

a)  TIP:  PCM/PSK 

b)  APT:  Analog/FM 
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10)  Modulation  index 

a)  TIP:   67  +  7.5  degrees,  peak 

b)  APT:   17  +  0.85  kHz,  peak 

11)  Modulation  rate  on  carrier 

a)  TIP:  8.32  kbps 

b)  APT:  2.4  kHz  subcarrier 

12)  APT  subcarrier  modulation  index:  <92%  AM 

13)  APT  analog  baseband:  1.6  kHz 

14)  TIP  data  code:  split  phase 

15)  Formats 

a)  TIP:  see  Figure  2-5 

b)  APT:  see  Figure  2-6  and  2-7 

16)  Transmitter  operation:  continuous 

2.5.3.5  S-Band  Data  Downlinks 

The  S-band  system  provides  three  transmitters  and  antennas  (all  three 
alike)  to  transmit  HRPT,  LAC,  GAC  and  Stored  TIP  data  for  the  orbital  phase. 
Characteristics  of  the  S-band  links  are  as  follows: 

1)  Frequencies:   1698.0,  1702.5,  1707.0  MHz 

_c 

2)  Frequency  stability:   +2  x  10" 

3)  Transmitter  power:     6.35  watts 

4)  Antenna  gain:  see  Figure  2-8 

5)  Polarization 

a)  1702.5  MHz       left-hand  circular 

b)  1698,  1707  MHz    right-hand  circular 

6)  Antenna  type:  quadrifilar  helix 

7)  Total  transmitter-antenna  loss:  2.8  dB 

8)  Modulation:    PCM/PSK 

9)  Modulation  index:   67  +7.5  degrees,  peak 
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10)     Modulation  rates 


a)  Stored  TIP 

b)  HRPT 

c)  LAC 

d)  GAC 


0.3327  Mbps 
0.6654  Mbps 
1.3308/2.6616  Mbps 
1.3308/2.6616  Mbps 


Note:  For  the  remainder  of  this  document  the  modulation  rates  are 
truncated  to  0.33,  0.66,  1.33, and  2.66  Mbps. 


11 )  Modulation  code 

a)  Stored  TIP: 

b)  HRPT  : 

c)  LAC 


split  phase 
split  phase 


1 )  1 .33  Mbps:  split  phase 

2)  2.66  Mbps:  NRZ 


d)  GAC 


1)  1.33  Mbps:  split  phase 

2)  2.66  Mbps:  NRZ 


12)  Formats 

a)  Stored  TIP 

b)  HRPT/LAC  : 

c)  GAC 


TIP  recorded  on  recorder  and  played  back  in 
reverse  (see  Figure  2-5) 

See  Figure  2-9 

See  Figure  2-10 


2.5.3.6  UHF  Uplink 


The  UHF  uplink  provides  for  the  receipt  of  the  data  collection  platforms 
Characteristics  of  the  UHF  are  as  follows: 


1 )  Frequency 

2)  Antenna  type 

3)  Antenna  gain,  on  axis 

4)  Antenna  gain  ,  5  degree 

elevation 

5)  Antenna  polarization 

6)  Loss 


401.65  MHz 
Quadrifilar  helix 
not  specified 

■4.6  dBi 

right-hand  circular 
1.6  dB 
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2.5.3.7  VHF  Command  Uplink 


The  VHF  command  uplink  provides  for  the  receipt  of  command  data 
Characteristics  are  as  follows: 


1) 

Frequency 

:  148.56  MHz 

2) 

Frequency  stability 

:  +2  kHz 

3) 

Minimum  received  EIRP  for 
BER=10-6 

:  -87.0  dBm 

4) 

Polarization 

linear 

5) 

Modulation 

a)   carrier 

:  AM 

b)  S/C  data 

1000  bps  ternary  FSK 

c)  clock 

:  AM  on  subcarrier 

6) 

Modulation  index 

a)  carrier 

85  % 

b)  clock 

50  % 

7) 

IF  bandwidth  3  dB 

>42  kHz 

8) 

Clock 

a)  Rate 

1000  Hz,  sinewave 

b)  Bandwidth 

60  Hz 

9) 

Mark  frequency 

8  kHz 

10) 

Space  frequency 

12  kHz 

11) 

Idle  frequency 

10  kHz 

12) 

Antenna  characteristics 

a)  on  axis,  nadir 

+3.7  dBi 

b)  5  degree  elevation 

-14  dBi 

c)  gain  over  90  %   of 

sphere 

-18  dBi 

Note:  Antenna  characteristics  based  on  a  right-hand  circularly  polarized 
uplink. 
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SECTION  3  -  S-BAND/VHF  THRESHOLDING  PARAMETERS 
3.1  Introduction 

The  following  paragraphs  discuss  and  define  the  critical  parameters 
required  to  define  the  RF  front-end  subsystem  prior  to  the  receiver/de  - 
modulator.  These  parameters  control  the  dynamic  range  of  received  signal 
levels  and  the  threshold  sensitivity  of  the  receiving  system.  Each  para- 
meter will  be  discussed  for  the  links  that  it  applies  to. 

While  reading  the  following  paragraphs,  it  should  become  obvious  that 
many  solutions  will  exist  that  satisfy  TIROS-N.  It  is  the  intention  of 
this  document  to  only  present  the  information  required  to  develop  the  many 
solutions.  The  ground  system  designer  is  expected  to  be  able  to  do 
compromising  and  trading-off  among  the  solutions  in  order  to  achieve  the 
most  optimized  system  for  his  use.  A  further  note  is  required:  The 
following  paragraphs  discuss  what  is  required  for  each  link  separately. 
For  example,  noise  temperatures  and  gains  will  be  shown  for  the  0.66  Mbps 
link.  Prior  to  designing,  the  user  must  decide  how  many  RF  links  are  to 
be  supported.  For  the  S-band,  the  user  must  also  decide  the  highest  bit 
rate  he  will  receive.  As  a  rule,  satisfying  the  highest  bit  rate  to  be 
supported  will  enhance  the  ability  to  receive  the  lower  rates.  For 
example,  if  the  high  rate  is  designed  for  a  3  dB  margin  then  the  lower 
rates  will  be  better  than  the  3  dB  margin  in  the  amount  of  the  ratio  of 
the  high  rate  to  the  lower  rate  (10  Log  High  Rate/Low  rate).  For  the 
VHF,  the  user  must  decide  if  only  one  link  (PCM/TIP  or  APT)  is  to  be 
supported  or  if  both  links  are  to  be  supported.  If  only  one  link  is  to 
be  utilized,  then  the  procedure  is  straight  forward.  However,  if  both 
links  are  considered  then  the  designer  should  calculate  both  links 
thoroughly  remembering  which  items  are  common.  For  example,  the  preamp 
bandwidth  must  be  wide  enough  for  both  links  and  the  antenna  gain/noise 
temperature  applies  to  both  links  simultaneously.  As  a  general  rule,  if 
common  elements  are   used  for  both  links,  then  the  PCM/TIP  link  is  the 
critical  link  for  the  gain/temperature  calculation  and  the  APT  link  is  the 
critical  link  for  the  overall  gain  calculation.   If  common  elements  are  not 
used  to  support  both  links,  then  each  link  should  be  calculated  separately. 
In  summary,  for  the  VHF  or  S-band  links  utilizing  common  elements,  choosing 
the  respective  critical  links  to  design  from  will  result  in  meeting  the 
minimum  safety  margin  for  the  one  link  while  the  other  link  will  have  quite 
a  lot  more  margin.  The  designer  must  also  remember  that  the  VHF  and/or 
the  S-band  system  must  pass  all  respective  RF  links.  Thus,  the  preamps/ 
paramps,  etc.  bandwidths  must  pass  all  links  and  that  the  system  gains  will 
apply  to  each  link.  More  will  be  said  on  this  subject  in  the  appropriate 
paragraphs.  Section  5,  Examples,  also  will  show  how  to  properly  design  for 
multiple  links. 


3.2  Polarization 


Before  commencing  the  gain/noise  temperature/dynamic  range  discussion, 
a  few  words  on  antenna  polarization  is  required.  The  adequacy  of  a  radio 
frequency  link  is  influenced  by  two  major  factors.  First,  the  RF  wave 
must  contain  adequate  power' at  the  receiving  antenna  location  and  second, 
polarization  mismatch  between  the  incoming  wave  and  the  receiving  antenna 
must  be  small  enough  so  that  the  loss  from  cross  polarization  is  tolerable. 
It  is  obvious  that  both  criteria  must  be  satisfied.  The  act  of  propagating 
adequate  power  to  a  receiving  point  does  not  necessarily  ensure  adequate 
reception  of  that  power.  A  mismatch  between  the  polarization  of  the 
incoming  electromagnetic  wave  and  that  of  the  receiving  antenna  may  be 
such  that  relatively  little  or  no  energy  can  be  extracted  from  the  wave. 
Polarization  is  a  term  used  to  describe  the  behavior  of  the  electrical 
vector  in  a  fixed  plane  normal  to  the  direction  of  propagation  as  an 
electromagnetic  wave  moves  through  a  medium.  Linear  and  circular  polar- 
izations are  limiting  conditions  of  the  more  general  elliptical  polariza- 
tion. However,  since  circular  and  linear  polarization  are  most  commonly 
used,  they  are  considered  here. 

For  this  document,  the  polarization  defined  for  the  transmitting 
antenna  is  the  polarization  of  the  electromagnetic  wave  actually  propa- 
gated. The  receive  antenna  polarization  is  defined  as  the  polarization 
sense  which  the  antenna  fully  responds  to  the  propagated  wave.  Thus, 
if  the  source  sends  RHC  then  the  receive  antenna  must  also  be  RHC  to  not 
be  cross  polarized.  Average  losses  due  to  cross-polarization  are  assumed 
to  be  those  given  in  the  following  table: 

Transmit      Receive       Polarization 
Antenna       Antenna  Loss 

LHC  LHC  0  dB 

RHC  RHC  0  dB 

LHC  RHC  "> C  15  dB  average,  VHF 

RHC  LHC  J  C  20  dB  average,  S-band 

Linear       Linear  — >   {""  0  dB,  linears  aligned 

3  dB,  average 
15  dB,  worst  case 

Circular      Linear         3  dB 
Linear       Circular        3  dB 

The  above  table  applies  to  a  ground  receiving  system  which  employs  only 
a  single  channel  receiver,  i.e.,  only  one  polarization  and  one  receiver. 
However,  if  polarization  diversity  techniques  are  used  (i.e.,  two  received 
polarizations  with  optimal  combining),  then  the  ground  system  is  designed 
to  receive  two  orthogonal  polarizations  resulting  in  minimal  power  loss 
(on  the  order  of  0.5  dB).  If  both  polarization  channels  contain  equal 
signal ,  then  an  improvement  of  up  to  3  dB  could  exist.  However,  typical 
ground  receiving  systems  do  not  utilize  the  polarization  diversity 
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techniques  because  of  the  cost  and  complexity  required, 
For  TIROS-N  the  following  polarizations  are  used: 
Frequency,  MHz        Polarization 


136.77,   137.77 

Linear 

137.5,   137.62 

RHC 

1698,   1707 

RHC 

1702.5 

LHC 

If  unmatched  antennas  are   used,  then  the  above  cross  polarization  losses 
should  be  applied  to  the  results  contained  in  this  section.  The  method  on 
how  to  accomplish  this  is  shown  in  the  appropriate  paragraphs. 

3.3  Receive  Antenna  Gain  and  Total  System  Noise  Temperature 

In  any  receiving  system,  a  specification  normally  exists  which  defines 
the  ability  of  the  system  to  correctly  receive  data  in  the  presence  of 
noise.  This  ability  is  usually  defined  as  the  sensitivity  of  the  system 
and  is  characterized  by  stating  the  lowest  possible  received  signal  level 
the  system  will  use  without  exceeding  a  known  error  rate,  distortion,  etc. 
This  sensitivity  specification  is  also  called  the  threshold  of  the  system. 
For  space  applications  and  the  TIROS-N  RF  system,  two  factors  used  to 
describe  the  system  threshold  are  the  receive  antenna  gain  and  the  total 
system  noise  temperature.  Prior  to  defining  the  two  factors,  two 
considerations  must  be  decided.  The  first  consideration  concerns  the  mar- 
gin of  safety  above  the  threshold  that  the  user  desires  to  achieve.  The 
second  consideration  is  based  on  the  fact  that  the  received  signal,  hence 
the  dB's  above  threshold,  will  vary  as  the  distance  changes  between  the 
spacecraft  and  the  ground  user.  Thus,  before  designing  the  receive  antenna 
gain  and  total  system  noise  temperature,  the  user  must  decide  upon  the 
minimum  receive  antenna  elevation  angle  and  the  minimum  safety  margin  above 
threshold  at  the  minimum  antenna  elevation  angle  to  be  used. 

3.3.1  Results 


The  two  factors,  antenna  gain  and  noise  temperature,  can  be  combined 

into  a  single  parameter  known  as  G/T  where  G  is  the  receive  antenna  gain 

and  T  is  the  total  system  noise  temperature.  The  G/T  has  the  units  of  dB 
and  is  found  by  the  following: 

G/T  =  antenna  gain  in  dB  -  noise  temperature  in  dB. 

The  G/T  versus  antenna  elevation  and  safety  margin  is  calculated  in 
Appendix  A,  and  the  results  are  plotted  in  the  following  figures: 
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Figure  Data  Link 

3-1  VHF  PCM/TIP 

3-2  VHF  APT, IF  BW  =  50  kHz 

3-3  S-band,  bit  rate  =  0.66  Mbps 

Prior  to  using  the  figures,  the  designer  must  decide  upon  the  minimum 
antenna  elevation  and  minimum  safety  margin  he  wishes  to  support.  For  the 
VHF,  if  both  PCM/TIP  and  APT  are  to  be  supported,  then  he  should  use  the 
PCM/TIP  G/T  for  both  links  since  it  normally  thresholds  first.  For  the 
S-band,  the  figure  for  the  bit  rate  of  0.66  Mbps  must  be  used  and  a 
correction  factor  must  be  applied  if  the  desired  maximum  bit  rate  is 
different  from  0.66  Mbps.  The  correction  factor  is  described  in  paragraph 
3.3.2.  An  interesting  observation  is  noted  for  the  S-band  6/T's.  As 
shown,  the  G/T  decreases  to  an  angle  of  about  40  degrees  and  then  increases 
again  until  the  90  degree  angle.  This  is  caused  mainly  by  the  spacecraft 
antenna  gain  profile.  However,  since  only  one  G/T  can  be  used  to  design 
the  system,  a  further  condition  is  required  for  the  S-band.  As  shown,  the 
G/T  values  are  the  same  at  90  degrees  as  the  20  degree  elevation.  Thus, 
if  the  minimum  antenna  elevation  angle  to  be  supported  is  higher  than  20 
degrees,  the  20  degree  value  should  be  used.  In  this  way,  the  total  pass 
can  be  supported  without  loss  of  data.  Using  the  required  G/T  from  the 
figures,  the  designer  can  now  optimize  his  gain  versus  temperature  for  his 
particular  use  using  the  above  equation. 

3.3.2  Corrections  to  Results 


After  determining  the  G/T  from  the  figures,  the  designer  should  now 
decide  if  a  correction  factor  should  be  applied.  The  corrected  G/T  is  as 
follows : 

CG/T  =  G/T  +  C 

where:  CG/T  =  corrected  G/T 

G/T  =  G/T  from  the  figures 
C  =  correction  factor 

For  the  VHF  PCM/TIP,  the  correction  factor  is 

C  =  CP 

where:  CP  =  Cross  polarization  loss  discussed  under  paragraph  3.2. 

For  the  VHF  APT,  the  correction  factor  is 

C  =  CP  +  10  log  (    BW  \ 
I  50  kHz/ 
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Figure  3-1. ~ VHF  PCM/TIP  G/T 
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Figure  3-2.— VHF  APT  G/T 

IF  BW  =  50  kHz 
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Figure  3-3. --S-band  G/T 

bit  rate  =  0.66  Mbps 
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where:  CP  =  Cross  polarization  loss  discussed  under  paragraph  3.2. 
BW  =  RCVR  IF 

Note:  The  designer  is  cautioned  against  using  a  receiver 
IF  bandwidth  of  less  than  50  kHz  since  lower  band- 
widths  would  seriously  degrade  the  signal. 

For  the  S-band,  the  correction  factor  is 


+  10  log    /Bit 
\0.6( 


C  =  CP  -  CI  +  10  log    /Bit  Rate  \ 

,66  Mbpsi 


where:  CP  =  Cross  polarization  loss  discussed  under  paragraph  3.2. 

CI  =  Correction  to  the  adjacent  channel  interference  shown  in 
Table  A-6,  Appendix  A.  A  value  of  -3.8  dB  was  used 
assuming  that  all  S-band  links  are  transmitting  at  the  same 
time.  If  only  one  link  is  modulated  and  transmitted  the 
value  should  be  0  dB  in  the  table.  To  apply  the  correction 
here,  a  value  of  +3.8  should  be  used  for  CI  if  only  one 
link  is  operating  while  a  CI  of  0  should  be  used  if  more 
than  one  link  is  radiating. 

Bit  Rate  =  The  highest  bit  rate  the  user  desires  to  support. 

3.3.3  Example 

Two  examples  will  clarify  how  to  determine  the  G/T. 

EXAMPLE  1 

For  Example  1,  both  APT  and  PCM  links  are  to  be  supported  at  a  minimum 
elevation  angle  of  15  degrees  with  a  safety  margin  of  6  dB.  A  100  kHz  IF 
receiver  will  be  used  for  the  APT.  A  RHC  antenna  having  a  25  dB  gain  is 
also  used  for  both  links. 

From  Figure  3-1,  we  find  a  G/T  of  -18.5  will  satisfy  the  PCM  link. 
Figure  3-2  shows  a  G/T  of  -27  for  the  APT.  We  now  determine  the  correction 
factors  to  be  applied. 

For  PCM,  C  =  CP 

CP  =  3  dB,  since  we  have  a  linear  to  circular  match. 


Thus     C  =  3  and  the  PCM  G/T  =  -15.5  dB 
For  APT,  C  =  CP 

CP  =  0  dB,  since  we  have  a  RHC  to  RHC  match. 


+  10  log/  BW  \ 
^50  kHz  J 
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BW  =  100  kHz    /1nn  x 
C  =  0  +  10  log  (^  ) 

Thus  C  =  3  and  the  APT  G/T  =  -24  dB. 

Since  both  links  are  to  be  supported  using  common  elements,  the  higher  G/T 
must  be  chosen.  Thus,  we  have  the  PCM  G/T  of  -15.5  dB.  Therefore,  the 
maximum  required  noise  temperature  is 

Temperature  =  antenna  gain  -  G/T  =  25- (-15.5)  =  40.5  dB 

Since  temperature  in  dB  =  10  logT0k,  the  links  require  a  maximum  total 
system  noise  temperature  of  11,200°K. 


EXAMPLE  2 

For  Example  2,  the  1698  MHz  S-band  link  is  to  be  supported  at  15 
degrees  and  above  with  a  safety  margin  of  3  dB  and  the  highest  bit  rate 
of  1.33  Mbps.  The  ground  antenna  is  RHC  with  a  gain  of  40  dB. 

From  Figure  3-3,  the  required  G/T  is  9  dB.  The  correction  factor  is 

c  ■ cp  - CI  + 10 109  (oris) 

where:  CP  =  0 

CI  =  0,  because  more  than  one  link  is  radiating  over 
this  station. 

Bit  Rate  =  1.33  Mbps 

C  =  0  -  0  +  10  1 


og/h33\ 
\0.66/ 


Thus  C  =  3  and  the  corrected  G/T  is  12  dB. 

Therefore,  the  noise  temperature  is 

T  =  antenna  gain  -  G/T  =  40  -  12  =  28  dB 

Since  temperature  in  dB  =  10  log  T0,  ,  the  link  requires  a  maximum  total 
system  noise  temperature  of  630°K. 

A  slightly  different  way  of  calculating  the  gain  and  temperature  is 
shown  in  Appendix  A. 
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A  further  note  on  noise  temperature  is  required.  In  this  section, 
we  have  calculated  the  total  system  noise  temperature.  The  total  system 
noise  temperature  is  derived  from: 

M 
T    =  T  +  T,  +  Z   I* 
s*s    a    ]   M=2  GM 

where:  T    =  total  system  noise  temperature 

T,   =  effective  antenna  temperature 

a 

T]   =  temperature  of  the  preamplifier 
TM   =  temperature  of  the  succeeding  M   stage  and 
M-l  =  gain  preceeding  the  M   stage 

Use  of  this  equation  is  shown  in  Section  5. 

3.4  Dynamic  Range 

The  final  critical  parameter  necessary  for  designing  a  receiving 
station  is  the  range  of  expected  signal  levels  to  be  received  and  is  called 
"dynamic  range."  The  calculations  to  determine  this  parameter  are  shown 
in  Appendix  A  and  the  results  are  shown  graphically  in  Figures  3-4  and 
3-5  for  the  VHF  and  S-band,  respectively.  The  vertical  axis  of  the 
figures  has  been  defined  as  the  RF  power  received  at  the  input  to  the 
ground  antenna. 

In  paragraph  3.3  above,  the  ground  receiving  antenna  gain  was  de- 
termined. Therefore,  the  RF  power  received  referenced  to  the  preamp/ 
paramp  will  be 

RFPA  =  RFAS  +  GA  "  LA  "  CP 

where:  RFp»  =  RF  power  referenced  to  the  preamp/ paramp 

RFn<.  =  RF  power  at  antenna  surface  from  the  figures 

G„   =  gain  of  antenna 

L.   =  cable  loss  from  antenna  to  preamp,  and 

CP   =  cross  polarization  loss  from  paragraph  3.2 

An  example  will  illustrate  how  to  use  the  figures. 
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Figure  3-4.--VHF  received  power 
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Figure  3-5.--S-band  received  power 
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EXAMPLE 


Using  the  same  criteria  shown  in  the  VHF  example  in  paragraph  3.3.3, 

the  receive  antenna  gain  is  25  dB.  For  this  example,  L»  will  be  2  dB 

and  CP  =  3  dB  for  PCM  and  0  dB  for  APT.  From  Figure  3  -  4  the  following 
is  determined: 

Link  15  Degree  90  Degree 

PCM  -119.5  dBm  -101.5  dBm 

APT  -106  dBm  -  94.5  dBm 

Therefore,  using  the  above  equation,  we  have  a  range  of  levels  referenced 
to  the  preamp  input  of  -99.5  dBm  to  -81.5  dBm  for  the  PCM  and  -83  dBm  to 
-71.5  dBm  for  the  APT.  For  our  example,  we  are  supporting  both  links  on 
one  system.  Thus,  the  total  range  will  be  -99.5  dBm  to  -71.5  dBm, 
referenced  at  the  preamp  input.  If  the  maximum  allowable  specified  signal 
level  is  -25  dBm  at  the  receiver  input,  then  the  maximum  allowable  gain 
from  preamp  to  receiver  is  46.5  dB.   If  the  overall  gain  is  46.5  dB, 
then  the  receiver  range  would  be  from  -25  dBm  to  -53  dBm.  This  46.5  dB 
overall  gain  would  be  used  in  the  noise  temperature  calculations  to 
select  the  individual  gain/loss/temperature  of  each  box  in  the  system 
between  the  antenna  and  receiver. 

As  illustrated  above,  the  example  showed  both  VHF  links  were  to  be 
supported  on  a  single  system.  Should  different  systems  per  link  or  only 
one  link  is  to  be  supported,  then  the  above  procedure  still  applies  except 
that  only  the  single  link  numbers  would  be  used.  A  word  of  caution  to  the 
designer  is  appropriate  here.   If  the  designer  is  only  supporting  the  PCM 
link  on  VHF,  he  should  still  use  the  APT  maximum  received  value  in  his 
calculations  for  dynamic  range.  This  results  from  the  fact  that  the 
TIROS-N  APT  transmission  is  on  continuously  and,  if  not  accounted  for  in 
the  PCM  design,  could  saturate  the  receive  system. 
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SECTION  4  -  S-BAND/VHF  RECEIVING  PARAMETERS 
4.1   Introduction 


This  section  describes  and  defines  the  critical  parameters  required  in 
the  receiving  section  of  the  ground  system  to  electronically  receive/demodulate 
the  TIROS-N  telemetry  downlinks.  These  parameters  are,  for  the  most  part, 
independent  of  thresholds,  antenna  gain,  preamps,  etc.,  which  are  determined 
by  the  pre-receiver  system  (antenna-to-receiver  interface).  Each  parameter 
will  be  discussed  for  each  link  to  which  it  applies. 

4.2  Received  Carrier  Frequencies 

In  order  to  locate,  receive,  and  demodulate  the  data  downlinks,  the  RF 
carrier  frequencies  must  be  known.  The  TIROS-N  spacecraft  carries  four  fre- 
quencies in  the  VHF  band  and  three  frequencies  in  the  S-band  to  transmit  all 
the  data. 

For  the  VHF  band,  two  of  the  four  frequencies  are  prime  while  the 
remaining  two  are  for  redundant/backup  purposes.  To  support  the  two  data 
types  (PCM  (TIP)  and  APT)  the  following  frequencies  are  used: 

a)  PCM  (TIP)  -  136.77/137.77  MHz 

b)  APT      -  137.50/137.62  MHz 

To  support  only  one  link  (PCM  (TIP)  or  APT),  a  minimum  of  one  variable  tuned 
receiver  or  one  fixed  tuned  receiver,  utilizing  removable  tuning  heads,  is 
required.  For  the  fixed  tuned  receiver,  two  tuning  heads  would  be  needed. 
The  receiver  complement  to  support  both  links  is  twice  that  required  for  one 
link. 

For  the  S-band,  three  frequencies  (1698,  1702.5,  and  1707  MHz)  are  used 
to  transmit  the  four  types  of  data.  According  to  spacecraft  design,  all 
three  RF  links  are  identical  as  far  as  bandwidths,  modulation  types  and 
indices,  and  transmitters.  The  only  difference  between  the  links  is  that 
the  two  outer  frequencies  (1698  and  1707  MHz)  are  right-hand  circularly 
polarized  while  the  center  frequency  (1702.5  MHz)  is  left-hand  circularly 
polarized.  A  basic  ground  rule  has  been  established  to  maintain  that  the 
HRPT  data  must  be  transmitted  right-hand  circularly  polarized  for  normal 
operations.  Thus,  only  the  two  outer  frequencies  are  used;  however,  should 
transmitters  fail,  then  HRPT  may  be  transmitted  on  any  of  the  available 
frequencies.  The  other  data  types  (LAC/GAC/Stored  TIP)  may  be  transmitted 
either  polarization  sense. 
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As  noted,  to  support  all  four  S-band  data  types,  only  three  receivers 
are  required.  These  receivers  should  be  identical  in  design  and  specifica- 
tions to  facilitate  switching  of  data  from  one  frequency  to  another.  If  only 
the  HRPT  data  link  is  desired,  then  one  receiver  is  required;  however,  this 
receiver  must  be  tunable  for  all  three  frequencies. 

4.3  Received  Intermediate  Frequency  (IF)  Bandwidth 

For  purposes  of  transmitting  data/information  from  a  point  in  space  to 
a  point  on  the  earth,  a  technique  of  modulating  the  baseband  data/information 
onto  a  radio  frequency  (RF)  carrier  is  used.  In  the  process  of  modulation, 
the  effective  transmitted  signal  will  normally  occupy  a  range  of  frequencies 
from  below  to  above  the  carrier  frequency.  At  the  transmission  source,  the 
range  of  frequencies  is  perturbed  by  the  instabilities  of  the  transmitter. 
The  instability  causes  the  carrier  frequency  plus  the  modulation  components 
to  ran'domly  shift  in  frequency  by  small  amounts.  Thus,  at  the  output  of 
the  transmitter  source,  the  transmitted  range  of  frequencies  is  determined  by 
the  modulation  process  and  the  source  instabilities.  For  space  applications, 
the  vehicle  or  spacecraft  containing  the  transmitter  source  is  in  motion  around 
the  earth.  The  ground  observer  is  typically  stationary  on  the  earth's  surface. 
Due  to  the  relative  motion  between  the  spacecraft  and  the  ground  observer, 
the  transmitted  range  of  frequencies  is  further  perturbed  by  the  effect  known 
as  Doppler.  Doppler  shift  is  defined  as  the  amount  of  frequency  shift  observed 
due  to  the  relative  motion.  The  ground  receiver  must  be  able  to  properly 
receive  and  demodulate  the  perturbed  signal.  The  range  of  frequencies  required 
in  the  ground  receiver  is  called  the  "Received  Intermediate  Frequency  (IF) 
Bandwidth."  The  IF  bandwidth  must  be  wide  enough  to  accommodate  the  modulation 
effects,  instabilities,  and  Doppler.  Each  is  discussed  in  the  following  and 
the  resultant  minimum  required  IF  bandwidth  is  presented. 

From  Section  2,  the  instability  of  the  S-band  and  VHF  transmitters  has 
been  specified  as  +2  x  10"^.  This  corresponds  to  the  following: 

Frequency  (MHz)  Instability  (kHz) 

137.50  APT  +  2.750 

137.62  APT  +  2.7524 

136.77  PCM  +  2.7354 

137.77  PCM  +  2.7554 

1698  +33.960 

1702.5  +34.050 

1707  +34.140 

For  purposes  of  calculating  the  worst  case  required  IF  bandwidth,  the  insta- 
bility used  will  be  +34.140  kHz  for  all  the  S-band  links  and  +2.7554  for  all 
the  VHF  links. 
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To  determine  the  effect  of  Doppler,  a  worst  case  situation  will  be  used. 
The  Doppler  effect  is  maximum  to  a  ground  observer  when  the  spacecraft  is  at 
the  horizon  for  a  directly  overhead  pass.  The  Doppler  shift,  the  amount  of 
frequency  change,  is  calculated  in  Appendix  B.  The  results  of  the  calculations 
are  shown  in  Figure  4-1.  For  the  S-band,  the  middle  frequency  was  chosen  for 
simplicity  and  to  give  the  average  value.  The  calculations  will  show  that  for 
the  higher  or  lower  S-band  frequencies,  the  value  of  Doppler  shift  will  change 
by  an  insignificant  amount.  For  the  same  reason,  only  one  VHF  frequency  is 
used.  Thus,  from  the  figure,  the  worst  case  Doppler  shift  occurs  at  the 
horizon  and  is  +  37.5  kHz  for  S-band  and  +  3.05  kHz  for  VHF. 

The  last  factor  prior  to  the  IF  bandwidth  determination  is  the  effect  of 
modulation.  The  calculations  for  received  modulation  bandwidths  are  shown  in 
Appendix  B.  Using  the  appropriate  values  from  Section  2  in  the  calculations 
yields: 


Frequency 

Modulation 

Modulation 

Band 

Link 
APT 

Type 

Bit  Rate 

Code 

Bandwidth 

VHF 

FM 

38.784  kHz 

VHF 

PCM 

PSK 

8.32  kbps 

S<}> 

72.218  kHz 

S-Band 

Stored  TIP 

PSK 

0.33  Mbps 

St 

2.864  MHz 

S-Band 

HRPT 

PSK 

0.66  Mbps 

S(j> 

5.729  MHz 

S-Band 

LAC/GAC 

PSK 

1.33  Mbps 

S<|> 

11.544  MHz 

S-Band 

LAC/GAC 

PSK 

2.66  Mbps 

NRZ 

11.544  MHz 

For  the  FM  link,  Fm  =  2.4  kHz  and  a<j>  =  7.08 
while  for  all  PSK  links  A<f>  =  1.17. 

The  above  table,  however,  assumes  that  no  pre-modulation  filtering  exists  on 
the  spacecraft.  If  this  were  true,  then  serious  interference  would  result 
from  one  channel  to  another  in  each  band  as  shown  by  the  choice  of  carrier 
frequencies  and  the  above  bandwidths.  In  order  to  reduce  data  interference, 
the  spacecraft  manufacturer  has  installed  a  pre-modulation  filter  prior  to 
the  transmitters.  The  S-band  filters  have  a  3  dB  cut-off  frequency  of  about 
2.4  MHz  with  a  high  attenuation  above  the  cut-off  frequency  (on  the  order  of 
30-36  dB/octave).  The  VHF  PCM  filters  have  a  maximum  of  22  kHz  3  dB  cut-off 
frequency  and,  again,  a  high  attenuation  above  the  cut-off  frequency.  This 
filtering,  it  is  thought,  will  reduce  the  interference  from  one  link  to 
another  without  seriously  degrading  the  data.  This  is  a  valid  assumption  since 
digital  data  is  transmitted  and  that  NRZ  codes  have  the  first  zero  crossing  of 
the  power  spectral  density  at  the  bit  rate  while  split  phase  codes  occur  at 
twice  the  bit  rate.  As  a  result,  the  transmitted  bandwidths  are  approximately 
the  following: 
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VHF  DOPPLER  SHIFT,   kHz 
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Minimum 

Modulation 

Link 

Bit  Rate 

Code 

Bandwidth 

APT 

_ 

_ 

38.784  kHz 

PCM(TIP) 

8.32  kbps 

S<|> 

44.0   kHz 

Stored  TIP 

0.33  Mbps 

S<j> 

2.864  MHz 

HRPT 

0.66  Mbps 

S<f) 

4.80  MHz 

LAC/GAC 

1.33  Mbps 

Sty 

5.32  MHz 

LAC/GAC 

2.66  Mbps 

NRZ 

5.32  MHz 

Placing  the  above  values  for  modulation  bandwidth,  instability,  and 
Doppler  into  the  received  bandwidth  equation  shown  in  Appendix  B  yields: 


Minimum  IF 

Link 

Bit  Rate 

Bandwidth 

APT 

_ 

50.393  kHz 

PCM(TIP) 

8.32  kbps 

55.611  kHz 

Stored  TIP 

0.33  Mbps 

3.007  MHz 

HRPT 

0.66  Mbps 

4.943  MHz 

LAC/GAC 

1.33  Mbps 

5.463  MHz 

LAC/GAC 

2.66  Mbps 

5.463  MHz 

Receiver  IF  bandwidths  are  normally  rounded  off  to  whole  numbers  for  standard- 
ization purposes.  Additionally,  receiver  bandwidths  are  typically  specified 
at  the  -1  dB  points.  Because  of  standardization  and  the  -1  dB  point  specifica- 
tions, the  following  IF  bandwidths  are  recommended  as  a  minimum: 


Minimum  IF 

Link 

Bandwidth 

APT 

50  kHz 

PCM(TIP) 

60  kHz* 

Stored  TIP 

3  MHz 

HRPT 

5  MHz 

LAC/GAC  1.33 

Mbps 

5  MHz 

LAC/GAC  2.66 

Mbps 

5  MHz 

*If  60  kHz  is  not  available,  either  50  kHz  or  the  next  higher  one  above 
60  kHz  should  be  used. 
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4.4  Demodulation  Type 

As  mentioned  previously,  the  process  of  transmitting  baseband  data/ 
information  from  one  source  to  another  by  use  of  carriers  is  called  a 
modulation  process.  In  order  for  the  receiver  to  retrieve  the  information,  it 
must  demodulate  the  carrier.  Three  basic  types  of  modulation/demodulation 
techniques  are  available  to  the  system  designer  and  are  amplitude  modulation 
(AM),  frequency  modulation  (FM)  and  phase  angle  modulation.  The  phase  angle 
modulation  is  commonly  known  as  phase  modulation  (PM)  or  phase  shift  keying 
modulation  (PSK). 

For  TIROS-N,  the  spacecraft  manufacturer  has  chosen  PM  or  PSK  for  all 
the  S-band  links  and  the  VHF  PCM  (TIP)  link.  FM  was  chosen  for  the  VHF  APT 
link.  Therefore,  appropriate  demodulators  must  be  placed  within  the  receiving 
ground  station.  The  demodulator  most  often  used  for  PM  or  PSK  links  is  a 
phase-lock-loop  tracking  demodulator  while,  for  the  FM  link,  conventional 
frequency  discriminator  demodulators  are  normally  used. 

4.5   Video  Bandwidth 


A  low  pass  filter,  commonly  called  a  video  or  output  filter,  is  normally 
placed  on  the  output  of  the  detection  circuitry  in  a  demodulator.  The  prime 
purpose  of  this  filter  is  to  "pass"  the  data/information  with  minimal  dis- 
tortion. The  range  of  frequencies  this  filter  will  pass  is  called  the  video 
or  output  bandwidth. 

For  the  APT  link,  it  is  expected  that  conventional  frequency  discriminators 
will  be  used.  These  discriminators  normally  use  the  same  bandwidth  on  the  out- 
put stage  as  the  input  stage.  Therefore,  for  TIROS-N,  the  video  bandwidth 
should  be  a  minimum  of  50  kHz.  However,  if  conventional  frequency  discrimin- 
ators with  selectable  outputs  or  a  phase-locking  frequency  demodulator  with 
selectable  outputs  is  used,  then  the  video  bandwidth  can  be  much  narrower. 
The  baseband  data  (1.6  kHz)  is  amplitude  modulated  onto  a  2.4  kHz  subcarrier'. 
Therefore,  it  is  necessary  for  the  video  bandwidth  to  pass  at  least  the  sub- 
carrier  plus  the  higher  order  subcarrier  sideband.  This  means  a  bandwidth  of 
at  least  4.0  kHz.  For  safety  and  standardization  purposes,  a  filter  of  at 
least  5.0  kHz  should  be  used. 

For  the  PCM  links,  standard  phase-lock-loop  demodulators  would  normally 
be  used  to  retrieve  the  data  from  the  phase  modulated  carrier.  These  demodu- 
lators usually  contain  selectable  video  filter  bandwidths.  The  different 
data  links  are  encoded  into  either  NRZ  or  split  phase  signals.  For  NRZ  signals, 
the  first  zero  crossing  in  the  power  density  spectrum  occurs  at  the  bit  rate, 
while  for  split  phase  it  occurs  at  twice  the  bit  rate.  In  all  cases,  however, 
the  video  filter  should  be  a  low  pass  filter  with  an  upper  3  dB  cut-off 
frequency  equal  to  at  least  the  first  zero  crossing  in  the  power  density  spec- 
trum. Thus,  the  following  minimum  low  pass  filters  could  be  used: 

4-6 


Low  Pass 

Data  Type 

Bit  Rate 

Code 

Filter 

PCM  (TIP) 
Stored  TIP 
HRPT 
LAC/GAC 
LAC/GAC 

8.32  kbps 
0.33  Mbps 
0.66  Mbps 

1.33  Mbps 
2.66  Mbps 

S<|> 

S<j> 
S<f> 
S<j> 
NRZ 

16.64  kHz 
0.66  MHz 
1.33  MHz 
2.66  MHz 
2.66  MHz 

Standard  bandwidths  normally  are  1.5,  3,  5,  and  7.5,  with  multipliers  of 
powers  of  10.  For  conservative  purposes,  the  video  filter  should  be  larger 
than  required  in  order  to  pass  the  data  with  minimal  distortion.  Thus,  recom- 
mended filters  are: 


Data  Type 

PCM  (TIP) 
Stored  TIP 
HRPT 
LAC/GAC 
LAC/GAC 


Bit  Rate 

8.32  kbps 
0.33  Mbps 
0.66  Mbps 

1.33  Mbps 
2.66  Mbps 


Filter 

30  kHz 

0.750  MHz 
1.5  MHz 
3.0  MHz 
3.0  MHz 


4.6  Phase-Lock-Loop  Tuning  Range 


For  phase-lock-loop  demodulators,  a  range  of  frequencies  exists 
centered  about  the  carrier  in  which  the  phase-lock-loop  voltage  controlled 
oscillator  (VC0)  can  be  varied.  The  purpose  of  this  range  is  to  enhance  the 
operator's  ability  to  acquire  the  moving  spacecraft  and,  once  acquired, 
to  "track"  the  spacecraft  frequency  as  the  spacecraft  passes  over  the  station. 
This  required  range  of  frequencies  is  called  "tuning  range."  To  determine 
the  range,  two  factors  are  normally  considered:  1)  frequency  instability  and 
offset  of  the  source  transmitter  and  2)  the  Doppler  effect.  As  mentioned 
previously,  the  amount  of  RF  shift  caused  by  the  transmitters  was  +34.140  kHz 
for  S-band  and  +2.7554  kHz  for  VHF  while  the  maximum  Doppler  shift  caused  by 
the  satellite  motion  was  +37.5  kHz  for  S-band  and  +3.05  kHz  for  VHF.  Thus, 
the  total  shift  possible  was  +71.640  kHz  for  S-band  and  +5.8054  kHz  for  VHF. 
For  conservative  purposes,  the  VCO  tuning  range  should  be  at  least  +75  kHz  for 
S-band  and  +6  kHz  for  VHF  centered  about  the  carrier  frequency. 


4.7  Phase-Lock-Loop  Tracking  Bandwidth 


Once  a  phase-lock-loop  has  acquired  and  "locked"  onto  a  carrier,  the  loop 
will  follow  the  carrier  utilizing  a  feedback  error  voltage  technique.  The 
error  voltage  is  applied  to  the  VCO  to  force  the  VCO  to  change  frequency  in 
the  direction  of  decreasing  error  voltage.  The  error  voltage  is  derived  by 
phase  comparing  the  incoming  carrier  with  the  referenced  VCO  output  phase.  A 
change  in  frequency  of  the  VCO  is  related  to  the  phase.  Thus,  the  loop  will 
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follow  the  incoming  frequency/phase  by  forcing  the  VCO  to  be  coherent  with 
the  input.   In  order  to  maintain  this  carrier  phase  lock  and  automatically 
track  the  input  carrier  frequency  and  its  changes,  the  loop  will  act  as 
though  two  filters  exist.  The  first  filter  will  be  as  broad  as  the  input 
bandwidth  and  is  used  to  pass  the  data/information.  The  second  filter  is  a 
very  narrow  filter  and  is  used  to  develop  the  error  voltage  needed  to  drive 
the  VCO.   In  order  to  properly  track  the  carrier,  this  second  filter  must 
reject  all  modulation  components  and  respond  only  to  the  carrier  and  its 
changes.  Thus,  the  second  or  tracking  filter  is  usually  on  the  order  of 
10  to  300  Hz  single  sided  bandwidth.  As  mentioned  previously,  this  tracking 
filter  must  be  very  narrow  but  also  wide  enough  to  pass  the  carrier  changes 
and  its  rate  of  change.  If  this  condition  is  not  met,  the  loop  will  lose 
track  resulting  in  loss  of  data. 

The  tracking  filter  essentially  will  "slide"  with  the  VCO  frequency  as  the 
loop  tracks  as  long  as  the  tuning  range  is  not  exceeded.  As  a  result,  very 
slow  changes  in  the  input  are  compensated  for  directly  by  the  VCO  and 
are  usually  not  considered  when  choosing  bandwidths.  Slow  changes  are  things 
like  slow  frequency  drifts  and  Doppler  shifts.  However,  for  rapid  changes, 
the  width  of  the  tracking  filter  will  determine  whether  or  not  the  loop  will 
respond  and  remain  locked.  These  rapid  changes  observed  on  the  ground  are 
caused  by  the  spin  rate  of  the  spacecraft  causing  the  antenna  pattern  to  rapidly 
change  gain,  the  rate  of  change  of  the  Doppler  shift,  atmospheric  disturbances 
which  cause  both  power  and  frequency  changes,  etc. 

Since  TIROS-N  is  a  three  axis  stabilized  platform,  no  rapid  changes  in 
antenna  gain  are  expected  and  will  not  be  considered  here.  Additionally, 
atmospheric  disturbances  occur  randomly  and  are  of  short  duration;  therefore, 
these  also  will  not  be  considered  here. 

The  basic  parameter  left  to  determine  bandwidth  is  the  rate  of  change  of 
Doppler  shift.  The  Doppler  rate  is  calculated  in  Appendix  B  and  the  results 
plotted  in  Figure  4-2.  Again,  the  middle  of  the  frequency  band  is  used  to 
calculate  the  average  value.  Using  the  other  frequencies  would  result 
in  insignificant  differences.  From  the  figure,  the  maximum  Doppler  rate  occurs 
when  the  spacecraft  is  directly  overhead  and  is  about  335  Hz/sec  for  S-band 
and  27  Hz/sec  for  VHF. 

A  common  rule  for  relating  tracking  bandwidth  to  tracking  rates  is: 

R  =  2  BW2 

where 

R  =  tracking  rate 

BW  =  one-sided  tracking  bandwidth 

Solving,  for  TIROS  N,  for  bandwidth  yields: 


ft) 


2 


BW  =  , 
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Putting  the  above  Doppler  rates  into  the  equation  for  R  yields  a  minimum 
required  bandwidth  of  12.942  Hz  for  S-band  and  3.71  Hz  for  VHF.  Bandwidths 
are  normally  specified  as  3,  10,  30,  100,  300,  1000,  and  3000  Hz.  Therefore, 
the  absolute  minimum  required  one-sided  tracking  bandwidth  is  10  Hz  for  VHF 
and  30  Hz  for  S-band.  However,  as  mentioned  previously,  several  other  factors 
although  minor,  were  not  considered.  Additionally,  since  the  ratios  of  bit 
rates  to  tracking  bandwidths  are  very   large  (on  the  order  of  250,000  to  800 
for  bit  rates  of  2.66  Mbps  to  8.32  kbps),  the  bandwidth  could  be  increased 
at  least  another  two  steps  without  seriously  affecting  the  data.  As  a  result, 
the  recommended  one-sided  tracking  bandwidth  is  30  Hz  for  VHF  and  100  Hz  for 
S-band. 

4.8  Summary 

Table  4-1  summarizes  the  recommended  parameters  for  use  in  the  ground 
receiving  station  for  each  link.  Again,  it  should  be  emphasized  that  these 
parameters  are  threshold  independent  and  are  used  strictly  to  receive  and 
demodulate  the  downlinks.  Discussions  of  thresholding  parameters  are  located 
in  Section  3.  Parameters  not  listed  on  the  table  but  which  appear  on  the 
actual  receivers  should  be  set  at  the  reader's  discretion.  Items  such  as 
these  are  AGC  speeds,  AC/DC  coupling,  etc.  Some  of  these  parameters  can  only 
be  determined  after  experience  with  the  orbiting  spacecraft  and  are  adjusted 
to  provide  the  best  data  quality. 
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SECTION  5  -  EXAMPLES 
5.1  Introduction 


This  section  presents  examples  of  the  method  used  to  design  ground 
stations  for  the  TIROS-N  spacecraft.  Three  particular  examples  are  presented 
and  are: 

1)  The  APT  only  station 

2)  The  HRPT  only  station,  and 

3)  A  station  supporting  multiple  links. 

The  reader  will  be  shown  how  the  results  of  Sections  3  and  4  are  applied  to  the 
design  process.  Many  methods  are  available  to  the  careful  designer  with  each 
one  dependent  upon  the  initial  given  facts  and  conditions.  In  this  section, 
only  one  approach  will  be  given  for  each  of  the  three  station  types.  The 
presented  approach,  hopefully,  will  be  typical  of  the  average  user's  require- 
ments. In  the  beginning  of  each  example  a  discussion  will  be  presented 
stating  the  initial  conditions  and  assumptions  used.  Prior  to  presenting  each 
example,  some  general  words  on  a  typical  receiving  station  and  noise  tempera- 
tures will  be  given. 

5.2  Receiving  Stations  and  Noise  Temperatures 

A  simplified  RF  receiving  station  is  depicted  in  Figure  5-1.  The  major 
elements  are  the  antennas,  antenna  control,  RF  front  end,  and  the  receiver. 
As  shown,  the  input  to  the  system  is  a  radio  frequency  signal  (data  modulated 
onto  a  carrier)  and  the  output  is  the  data  itself.  Thus,  the  purpose  of  the 
system  is  to  receive  and  demodulate  the  received  signal  to  retrieve  the  data 
for  further  processing.  A  secondary  purpose  of  the  system  is  to  be  able  to 
"follow"  the  received  signal  source  through  its  movements.  As  for  space 
applications,  the  data  source  is  in  orbit  around  the  earth,  thus  necessitating 
an  antenna  capable  of  "tracking"  the  source.  For  this  section,  the  "tracking" 
capability  of  the  antenna  itself  will  not  be  discussed. 

The  antenna,  itself,  is  considered  as  the  collection  surface  upon 
which  the  propagated  electromagnetic  wave  is  converted  into  the  electrical 
energy  required  for  data  reception.  Typically  the  antenna  consists  of 
strictly  mechanical  objects  such  as  a  parabolic  dish,  sub-reflectors,  and 
feed  elements,  or  just  a  simple  dipole  or  dipole  array  elements.  Receiving 
polarization  type  is  typically  determined  by  the  arrangement  of  the  antenna. 
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Figure  5-1 .--Simplified  receiving  station 
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Figure  5-2. --Generalized  system  noise/gain  configuration 
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The  RF  front  end's  basic  purpose  is  to  receive  the  antenna  output  signal, 
amplify  it,  convert  it  to  be  compatible  with  a  receiver,  and  relay  it  to  the 
receiver.  The  front  end  in  its  simplest  form  consists  only  of  a  preamplifier 
and  a  length  of  cable.  More  complex  systems  contain  preamplifiers,  cable 
lengths,  down  or  up  converters,  multicouplers,  etc.  In  conjunction  with  the 
antenna  gain/noise  temperature  and  the  receiver  specifications,  this  part  of 
the  system  defines  the  system  threshold  and  overall  system  gain. 

The  receiver's  main  function  is  to  receive  the  amplified  and  converted 
signal,  demodulate  it  (remove  the  data  from  the  carrier) ,  recondition  the  data, 
and  provide  the  data  to  the  user  at  the  required  level.  The  receiver  generally 
consists  of  IF  amplifiers,  demodulator  circuits,  data  amplifiers,  and  AGC 
circuits.  The  AGC  circuits  try  to  maintain  the  output  level  constant  with 
varying  input  levels. 

The  antenna  control's  job  is  to  position  the  antenna  at  the  desired 
"look  angle."  It  generally  consists  of  a  command  position,  servo  system,  and 
encoder  position.  The  command  position  tells  where  the  antenna  should  look, 
the  encoder  system  tells  where  it  is  looking,  and  the  servo  system  compares 
the  two  and  commands  the  antenna  to  move  until  the  command  and  encoder 
positions  agree.  This  system  can  be  yery   simple  or  very   complex. 

Two  parameters  which  primarily  define  a  system's  capability  to  receive 
and  demodulate  a  signal  in  the  presence  of  noise  are  the  overall  system  gain 
and  the  system  noise  temperature.  These  two  parameters  are  used  by  the  designer 
to  determine  and  specify  each  black  box  in  the  system.  These  parameters  were 
determined  in  Section  3  and  4  and, in  this  section,  are  used  to  determine  the 
box  parameters  in  the  examples.  Figure  5-2  illustrates  the  general  configura- 
tion for  system  gain  and  system  noise  temperature.  The  total  system  noise 
temperature  for  the  system  shown  in  Figure  5-2  is  given  by: 


'sys  =  Ta  +  T-|  + 


i 


'm 
M=2   T- 


JM-1 


(5-1) 


Where:  T 
T 


sys 


total  system  noise  temperature  in  °K 
effective  noise  temperature  to  left  of  the  reference 
point  in  °K 

T]   =  temperature  of  first  box  right  of  reTerence  point,  °K 
Tm   =  temperature  of  the  Mid  box  right  of  the  reference 

point,  ok 
GM-1  =  gain  preceding  the  Mid  box  to  the  right  of  the  reference 
point  expressed  as  numerical  ratios 
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The  overall  system  gain  shown  in  Figure  5-2  is  given  by: 


M 
G0  =  z 
M=l 


^m 


(5-2) 


Where:  G0  =  overall  system  gain  in  dB's 
Gm  =  gain  of  Mth  box  in  dB's 


For  the  simplified  receiving  station,  the  system  noise/gain  configuration  is 
shown  in  Figure  5-3.  Applying  Equation  5-1  to  the  figure  results  in  the 
following  total  system  noise  temperature: 


:  =  Ta  +  Tp  +  Jc  +  Tr 


sys 


GpGc 


Where:  Ta    =  effective  noise  temperature  of  the  antenna  in  °K 

Tp,  Gp=  effective  noise  temperature  and  gain  of  the  preamplifier 

in  °K  and  numerical  ratio 

Tc,  Gc=  effective  noise  temperature  and  gain  of  the  cable  in 

°K  and  numerical  ratio 

Tr   =  effective  noise  temperature  of  the  receiver  in  °K 

Applying  equation  5-2  to  the  figure  and  referencing  to  the  receiver  input 
yields: 

u    a    p    c 


Where: 


G° 

Gp 
Gc 


overall  gain  at  receiver  input  in  dB's 

antenna  gain  in  dB's 

preamp  gain  in  dB's 

gain/loss  of  the  cable  in  dB's 


As  should  be  obvious,  two  parameters  resulting  in  two  equations  are  used  to 
define  the  system  boxes.  Here  is  where  the  designer  has  the  freedom  to  optimize 


and  trade  off  among  the  various  box 
In  this  example,  there  are  at  least 
tions.  Thus,  some  other  conditions 
are  not  independent  since  the  gains 
solution  to  this  dilemma  is  for  the 


parameters  to  select  the  best  system. 
seven  unknown  variables,  and  only  two  equa- 
must  exist.  Additionally,  the  two  equations 
of  the  boxes  are  present  in  both.  The 
designer  to  survey  commercial  equipment 
to  see  what  best  satisfies  his  needs.  He  then  will  use  the  selected  box 
parameters  in  the  equations.  Additionally,  he  must  make  some  choices  or  compro- 
mises on  some  of  the  equipment.  In  this  way,  he  can  narrow  down  the  unknown 
variables  to  just  a  few  and  then  develop  a  set  of  overall  solutions,  each  meeting 
the  system  goals.  With  this  set,  he  then  can  choose  the  most  cost-effective. 
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The  examples  in  this  section  will  demonstrate  the  selection  process. 

Also  obvious  from  the  equations  is  that  only  temperatures  and  gains  are 
specified.  Normally,  equipment  is  specified  with  either  temperatures  or  noise 
figures  for  those  equipment  containing  active  components  while  passive  devices 
are  normally  specified  with  a  "loss"  factor.  This  can  be  resolved  easily  by 
using  the  relationships: 

For  devices  containing  gain  and  specified  by  noise  figures,  we  use 

T  =  T0  (N-l)  (5-3) 

Where  T  =  temperature  of  the  box  in  °K 

T0  =  reference  temperature  in  ok.  For  our  use,  T0  =  290OK 
N  =  the  Noise  Figure  ratio  (numerical  number). 

For  devices  which  contain  a  loss  and  no  noise  figure  is  specified  (such 
as  cables)  we  use 

T  =  T0  (l-«)  (5-4) 

Where  T  =  temperature  of  the  lossy  element  in  °K 

T0  =  reference  temperature  in  °K.  For  our  use,  T0=  290°K 

=  =  the  transmission  line  coefficient  (numerical  number  derived 
from  taking  the  anti-log  of  the  dB's  of  loss).  For  example, 
a  loss  of  3  dB  results  in  a  *  of  0.5. 

The  noise  received  by  a  radio  or  radar  system  from  natural  external 
radiating  sources  has  become  increasingly  important  in  recent  years  with 
the  advent  of  "quieter"  receivers  and  preamplifiers.  The  external  noise  now 
often  sets  the  system  performance  limit.  Since  the  discovery  of  cosmic  noise, 
many  studies  have  been  made,  resulting  in  data  on  which  engineers  base  system 
performance  estimates.  However,  the  evaluation  of  all  the  contributing  fac- 
tors in  a  specific  case  is  a  difficult  and  complicated  task.  Often,  engineers 
wish  to  make  system  performance  calculations  which  take  the  "antenna  noise,  Ta" 
into  account  in  a  general  way,  without  the  necessity  of  a  detailed  investigation. 
The  curve  presented  in  this  section  (Figure  5-4)  allows  this  to  be  done.  For 
most  applications,  the  accuracy  provided  by  this  curve  will  be  adequate.  It 
has  become  the  accepted  practice  to  represent  the  noise  power  received  by  an 
antenna  from  external  radiating  sources  by  an  effective  antenna  noise  temperature, 
Ta  ,  shown  in  Figure  5-4.  Use  of  this  parameter  will  be  shown  in  the  remainder 
of  this  section. 
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Figure  5-4. --Antenna  noise  temperature  as  a  function  of  frequency 
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5.3  APT  Only  Station 


The  following  paragraphs  will  discuss  and  define  the  required  receiving 
station  used  to  handle  the  TIROS-N  APT  link  only.  The  station  in  its  simplest 
form  is  shown  in  Figure  5-5. 


5.3.1  Initial  Conditions  and  Assumptions 


Several  factors  are  required  at  the  beginning  of  the  design  process  as  a 
starting  point.  Those  items  will  be  presented  here.  During  the  design  process, 
other  factors  will  need  to  be  known  and  will  be  determined  at  that  time.  Again, 
emphasis  is  given  that  this  is  an  example. 

Initially,  the  user  has  stated  that  he  would  like  data  from  5  degree 
elevation  angles  and  above  and  a  safety  margin  of  6  dB  above  signal  threshold 
at  the  minimum  antenna  elevation.  The  designer,  to  minimize  system  losses, 
has  chosen  a  right-hand  circularly  polarized  antenna  since  it  matches  the 
spacecraft  antenna  polarization.  The  antenna  gain  and  thus  the  size  has  yet 
to  be  found.  He  has  also  already  chosen  a  receiver  for  use  on  this  link 
possessing  the  following  capabilities: 


Parameter 


Value 


Frequency  range 
Frequency  tuning 
IF  bandwidths,  kHz 

Video  bandwidths,  kHz 

AGC  speed,  ms 

Demodulations 

For  FM,  detection  type 

For  AM,  PM,  detection  type 
Loop  BW's,  Hz 
Tracking  range,  kHz 

Dynamic  range 

Noise  figure 


VHF  136-138  MHz 

Tunable  over  the  band 

10,  30,  50,  100,  300,  500, 

1000 
5,  15,  25,  50,  150,  250,  500 
3,  30,  300,  3000 
AM,  FM,  PM 
Discriminator 
Phase-lock-loop 
3,  10,  30,  100,  300 
+6,  +75,  +150 
Thermal  noise  to  -25  dBm 
6  dB 


The  receiver  is  to  be  placed  about  50  feet  from  the  preamp.  The  cable  specifi- 
cation is  4  dB  of  loss  per  100  feet.  Thus,  this  cable  exhibits  a  2  dB  loss. 
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5.3.2  APT  Receiving  Parameters 

The  receiving  parameters  for  the  APT  station  can  now  be  determined. 
Section  4  presents  a  discussion  of  each  parameter  and  the  recommended  settings. 
Thus,  the  following  set-up  is  used  for  the  receiver: 

Parameter  Value 

Frequency  band  VHF  136-138  MHz 

Frequencies,  MHz  137.50  or  137.62 

IF  BW,  kHz  50 

Video  BW,  kHz  5 

Detection  type  FM 

The  AGC  speed  is  arbitrarily  chosen  as  30  ms.  Experience  in  orbit  will  deter- 
mine if  this  setting  is  adequate. 

5.3.3  APT  G/T  Determination 

The  first  step  in  defining  the  thresholding  parameters  is  the  determina- 
tion of  the  G/T  required.  Section  3  discusses  this  parameter.  From  Figure  3-2 
with  5  degrees  minimum  elevation  angle  and  6  dB  safety  margin,  the  required  G/T 
is  -24  dB.  The  correction  factor  for  APT  is 

C  =  CP  +  10  Log  (^Hz) 

Where:   CP  =  cross  polarization  loss 

=  0  since  right-hand  circular  antennas  are  used 
BW  =  RCVR  IF  =  50  kHz 

Therefore,  the  correction  factor  is  0  and  the  corrected  G/T  is  -24  dB. 

5.3.4  APT  Dynamic  Range 

The  next  step  is  to  determine  the  expected  signal  level  range  for  APT. 
Section  3  discusses  this  parameter  and  presents  the  results.  From  Figure  3-4, 
the  range  of  levels  at  the  antenna  input  is  from  -109  dBm  to  -94  dBm. 
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5.3.5  System  Definition 

The  final  steps  are  to  determine  the  gains  and  temperatures  of  each  box. 
Some  items  are  already  defined,  such  as  the  receiver  and  the  cable.  Others 
may,  in  this  process,  be  arbitrarily  chosen.  However,  the  two  determining 
items  have  been  selected  --  the  G/T  and  the  dynamic  range  --  and  are  used  to 
determine  the  choices  of  the  unknown  variables.  Using  the  G/T  and  the  dynamic  , 
range  as  inputs  to  the  design  process  will  ensure  that  the  final  choices  satisfy 
the  TIROS-N  and  user  requirements. 

Starting  with  the  overall  gain  equation,  the  variables  begin  to  narrow 
down.  Applying  Equation  5-2  to  the  APT  station  (Figure  5-5)  we  have: 

G0  =  (Ga  -  La  -  CP)  +  Gp  +  Gc 

Where:    GQ  =  overall  gain  at  receiver  input 

Ga  =  antenna  gain 

La  =  loss  between  antenna  elements  and  preamp.  La  is  assumed 
to  be  0  since  we  are  using  a  negligible  length  of  cable. 
CP  =  Cross  polarization  loss  =  0  ,  antennas  are  matched 
Gp  =  preamp  gain 
GQ     =  cable  loss  =  -2  dB 

The  receiver  maximum  input  is  -25  dBm  and  the  maximum  expected  signal  at  the 
antenna  input  is  -94  dBm.  Thus  we  have: 

-94  +  G0  =  -25 

or 
GQ  =  69  dB  maximum 

Since  this  is  a  \/ery   large  overall  gain  and  no  margin  of  safety  would  be 
present  at  the  receiver,  the  overall  gain  can  be  reduced.  Reducing  it  would 
ensure  that  the  naximum  spacecraft  signal  would  not  overload  the  receiver.  A 
conservative  margin  would  be  30  dB.  Thus,  G0  should  be  39  dB.  Placing  this 
value  into  the  overall  gain  equation  yields: 

39  =  (Ga  -  0  -  0)  +  Gp  -  2 
or 
Ga  +  Gp  =  41  (5-5) 

We  now  have  a  relationship  bwtween  the  antenna  gain  and  preamp  gain.  Next 
we  direct  our  attention  to  the  system  noise  calculation.  Applying  equation 
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5-1  to  the  APT  station  (Figure  5-5)  we  have 


T     T 
'c     r 


Tsys  =  Ta  +  Tp  +  Gp  +  GpGc 

Tc,  the  temperature  of  the  receiver,  is  easily  found  from  Equation  5-3  and  the 
NF  =  6  dB  specification.  Thus: 

Tr  =  290  (3.98  -  1)  =  864. 5°K 

Gc,  the  cable  gain/loss,  is  already  known  as  -  2  dB  or  0.631.  Tc  the  cable 

temperature,  is  also  known  using  Equation  5-4  and  «  =  0.631. 

Thus,  Tc  =  290  (1  -  0.631)  =  107OK.  Ta ,  the  effective  antenna  temperature,  is 

found  from  Figure  5-4.  For  the  VHF  frequency  it  is  about  1500°K. 

Plugging  the  values  into  the  above  equation  yields: 

TSys  =  1500  +  Tp  +  Jjjl  +  ^^ ; 

or 

1477 
TSys  =  150°  +  Tp  +   ~G^T  (5"6) 

We  now  look  at  the  G/T  factor  found  previously.  G/T  is  expressed  from  Section 
3  and  results  in: 

G/T  =  Ga  -  Tsys  in  dB's 

Thus  we  have  for  the  APT: 

-24  =  Ga  -  Tsys   in  dB's  (5-7) 

We  now  have  three  equations  (5-5,  5-6,  and  5-7)  with  four  unknowns  (Ga,  TSyS, 
Tp  and  Gp).  This,  as  the  reader  knows,  does  not  resolve  into  one  unique  answer, 
Rather,  a  set  of  answers  will  result  which  satisfies  these  equations. 
Additionally,  two  equations  are  specified  in  dB's  and  the  third  in  numerical 
ratios.  One  approach  out  of  this  dilemma  is  to  use  Equation  5-7  to  develop 
a  set  of  reasonable  answers,  select  one  of  those  answers,  and  apply  it  to 
Equations  5-5  and  5-6  to  solve  the  remaining  variables.  Thus,  the  following 
table  will  satisfy  Equation  5-7: 
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Ga 

Tsys 

sys 

dB 

dB 

5 

29 

795 

10 

34 

2,520 

15 

39 

7,950 

20 

44 

25,200 

25 

49 

79,500 

To  select  the  proper  choice,  some  considerations  are  needed.  First,  the  TSyS 
must  be  greater  than  Ta.  Thus,  since  Ta  =  1500°K,  the  first  choice  is  auto- 
matically ruled  out.  Secondly,  to  keep  costs  down,  one  likes  to  keep  the 
antenna  gain  low  and  the  TSyS  high.  In  the  above  table,  two  choices  seem  to 
be  realistic  --  the  Ga  of  10  and  Ga  of  15.  Between  these  two  choices,  both 
practical,  Ga  of  10  would  be  chosen  to  keep  antenna  costs  low  and  still  have 
enough  variance  in  calculating  noise  temperatures.  As  a  result,  Ga  =  10  dB 
and  Tsys  =  2,520°K. 

The  gain  of  the  preamp  can  now  be  determined  from  Equation  5-5.  Therefore, 
the  G  is  equal  to  31  dB  or  1,260. 

The  final  parameter,  Tp,  can  now  be  determined  from  Equation  5-6.  Placing 
the  above  values  into  the  equation  yields: 

2,520  =  1500  +  Tn  +  1477 


1260 


or 


Tp  =  1019°K 


All  parameters  have  now  been  determined.  In  summary,  they  are  as  follows 

Parameter  Value 

G/T  -24  dB 

Dynamic  range  at  antenna  input     -109dBm  to  -94  dBm 


'sys 

\ 

Gc 

NF  of  receiver 


10  dB 

2,520°K 

31   dB 

1019°K  max. 
-2  dB 

6  dB 
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5.4  HRPT  Only  Station 


The  following  paragraphs  will  discuss  and  define  the  required  receiving 
station  used  to  handle  only  the  TIROS-N  S-band  HRPT  link.  The  station, 
simplified,  is  shown  in  Figure  5-6. 


5.4.1  HRPT  Initial  Conditions  and  Assumptions 


Initially  the  user  has  stated  that  he  would  want  to  support  data  from  an 
elevation  angle  of  five  degrees  and  above  with  a  safety  margin  of  3  dB  at  the 
minimum  elevation  angle.  The  designer,  to  minimize  system  losses,  has  decided 
to  support  only  the  right-hand  circularly  polarized  spacecraft  links.  Thus, 
the  ground  antenna  will  also  be  polarized  in  the  right-hand  circular  sense. 
The  designer  already  has  a  16-foot  dish  antenna  having  36  dB  of  gain  for  his 
use.  Additionally,  a  receiver  has  been  chosen  containing  the  following 
characteristics: 


Parameter 


Value 


Frequency  range 

Frequency  tuning 

IF  bandwidths,  MHz 

Video  bandwidths,  kHz 

AGC  speed,  ms 

Demodulators 

For  FM,  detection  type 

For  AM,  PM,  detection  type 
Loop  BW's,  Hz 
Tracking  range,  kHz 

Dynamic  range 

Noise  figure 


UHF  400-500  MHz 

Tunable  over  the  band 

0.1,0.3,0.5,1,3,5,  10 

150,250,500,1500,2500,5000 

3,  30,  300,  3000 

AM,  FM,  PM 

Discriminator 

Phase-lock-loop 

3,  10,  30,  100,  300 

+6,  +75,  +150 

Thermal  noise  to  -25  dBm 

6  dB 


Since  the  receiver  range  is  400-500  MHz  and  the  TIROS-N  link  is  S-band  (1698- 

1707  MHz),  a  downconverter  is  required  to  translate  the  signal  for  use  by  the 
receiver.  The  downconverter  local  frequency  is  chosen  to  be  1250  MHz.  Therefore, 
the  S-band  frequencies  convert  to  receiver  frequencies  as  follows: 


S-Band 


Receiver 


1698 
1707 


448 
457 


The  receiver  is  also  to  be  placed  about  50  feet  from  the  antenna,  paramp,  and 
downconverter.  The  cable  specification  for  loss  is  6  dB  per  100  feet.  Thus, 
the  cable  loss  is  3  dB. 
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5.4.2  HRPT  Receiving  Parameters 


The  receiving  parameters  for  the  HRPT  station  can  now  be  found.  From 
Section  4  and  the  above  discussion,  the  following  set-up  is  used  for  the 
receiver: 


Parameter  Value 

Frequency  band  UHF,  400-500  MHz 

Frequencies,  MHz  448  or  457 

IF  BW,  MHz  5 

Video  BW,  kHz  1500 

Detection  type  PM 

Loop  BW,  Hz  100 

Tracking  range,  kHz  +75 

The  AGC  speed  is  arbitrarily  chosen  as  30  ms. 

5.4.3  HRPT  G/T  Determination 

Determining  the  G/T  is  the  first  step  for  defining  the  system  threshold, 
From  Section  3,  Figure  3-3,  and  the  above  conditions,  the  required  G/T  is 
11.8  dB.  The  correction  factor,  for  S-band,  is: 

c  ■  cp  "  CI  +  10  L°9  (06TBfs» 

Where:  CP  =  cross  polarization  loss  =  0 

CI  =  correction  to  adjacent  channel  interference.  Only  one 

link  is  radiating  over  this  station;  therefore,  CI  =  3.8. 

Bit  Rate=  0.66  Mbps 
Therefore,  the  correction  factor  is  -3.8  and  the  corrected  G/T  is  8  dB. 

5.4.4  HRPT  Dynamic  Range 

Determining  the  expected  signal  level  at  the  antenna  input  is  the  next 
step.  From  Section  3,  Figure  3-5,  and  the  initial  conditions,  the  received 
signal  level  is  -129.3  to  -122.3  dBm. 
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5.4.5  System  Definition 

We  now  begin  to  define  the  gains/temperatures  of  each  box.  Starting  with 
the  overall  gain  equation  the  variables  begin  to  narrow  down.  Applying 
Equation  5-2  to  the  HRPT  station  (Figure  5-6)  we  have: 

Go  =  <Ga  -  La  "  cp)  +  GP  +  Gd  +  Gc 

Where:  G  =  overall  gain  at  receiver  input 
Ga  =  antenna  gain  =  36  dB 
La  =  loss  between  antenna  elements  and  preamp. 

La  is  assumed  to  be  0  since  negligible 

cable  length  exists. 
CP  =  cross  polarization  loss  =  0,  antennas  are  matched 
Gp  =  paramp  gain 
G^  =  downconverter  gain 
Gc  =  cable  loss  =  -3  dB 

Thus,     G0  =  33  +  G  +  Gd 

The  receiver  maximum  input  is  -25  dBm  and  the  maximum  expected  signal  level 
is  -122  dBm.  Now  we  have: 

-122  +  GQ  =  -25 

or 
GQ  =  97  dB  maximum 

Since  this  is  a  yery   large  overall  gain  and  no  safety  margin  would  be 
available  at  the  receiver,  the  overall  gain  can  be  greatly  reduced.  Reducing 
it  ensures  that  the  receiver  will  not  be  overloaded.  A  conservative  margin 
would  be  30  dB.  Thus,  G0  should  be  67  dB.  Placing  this  value  into  the 
overall  gain  equation  above  and  simplifying  yields: 

Gp  +  Gd  =  34  (5-8) 

We  now  have  a  relationship  between  the  paramp  gain  and  the  downconverter  gain. 

The  next  step  is  to  determine  the  total  system  noise  temperature.  We  can 
easily  accomplish  this  using  the  G/T  and  Ga  figures.  Thus,  from  Section  3: 
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G/T  -  Ga  -  Tsys 

Where:  G/T  =  8  dB 
Ga   =  36 

Thus,  T.v-  =  28  dB  or  631°K. 

Applying  Equation  5-1  to  the  HRPT  station  (Figure  5-6)  we  have 

Tsys  =  Ta  +  TP  +  Jd  +   Tc    +    Tr 


Gp    GpGd      GpGdGc 

Tr,  the  receiver  temperature,  is  easily  found  from  Equation  5-3  and  the  NF= 
6  dB  specification.  Thus,  Tr  =  290  (3.98  -  1)  =  864. 50K. 

Gc,  the  cable  loss,  is  already  known  as  -  3  dB  or  0.50. 

Tc,  the  cable  temperature,  is  found  using  Equation  5-4  and  <*  =  0.50. 
Thus,  Tc  =  290  (1-0.50)  =  145°K. 

Ta,  the  effective  antenna  temperature,  is  found  from  Figure  5-4.  For  S-band 
it  is  about  70°K  at  5  degrees. 

Plugging  the  values  into  the  above  equation  yields: 

631  =  70  +  Tp  +  Td   +  145    +    864.5 

GpGd  (0.5) 


(5-9) 


We  now  have  two  equations  (5-8  and  5-9)  with  four  unknowns  (Tp,  Td,  Gp, 
and  Gd).  Obviously,  this  will  not  resolve  into  a  unique  solution  unless  some 
further  decisions  are  made.  The  first  step  will  be  to  decide  on  a  realistic 
value  for  one  of  the  parameters.  Then  we  will  narrow  the  problem  to  two 
equations  and  three  unknowns  from  which  a  set  of  solutions  can  be  found. 
Then  trade-offs  and  cost  impacts  will  determine  the  best  solution.  Proceeding, 
the  Td  parameter  can  be  chosen  to  be  typical.  It  is  not  unusual  for  commercial 
downconverters  to  be  specified  as  having  a  noise  figure  of  5  dB  or  3.16. 
Therefore,  using  Equation  5-3,  the  Td  will  be  627°K.  Placing  it  into  Equation 
5-9  yields: 

561  ■  tp  +  w  +  S  (5"10) 


i-16 


Gp     GPGd 

or 

561 

.  T  +  Td   +   1874 

D    r —          ■  ■  ■ 

^     Gp  Gd 

Now  a  set  of  solutions  can  be  found  from  Equations  5-8  and  5-10.  A  further 
hint  to  help  us  is  that  it  is  preferable  to  have  as  much  gain  as  possible  in 
the  front  of  the  system  in  order  to  keep  the  noise  temperature  low.  Thus, 
Gp  >  Gj  .  The  following  solution  set  can  be  found  by  selecting  Gn's: 

Gp        Gp        Gd 
dB       Ratio       dB 

20  100  14 

25  316  9 

30  1000  4 

34  2510  0 


Any  .of  the  above  solutions  satisfy  the  system  requirements.  Cost,  gain, 
and  temperature  trade-offs  can  now  be  performed  to  decide  the  optimum  parameters, 
To  keep  costs  down,  gain  probably  should  be  distributed  between  the  paramp  and 
downconverter.  A  possible  solution  is  the  20/14  gain  split.  Now  all  parameters 
have  been  defined  and  are  summarized  as  follows: 


Gd 

TP 

Ratio 

OK 

25.1 

554 

7.95 

558 

2.51 

559.6 

1 

560 

Parameter 

Value 

G/T 

8  dB 

Dynamic  range  at  antenna  input 

-129  dBm  to 

^sys 

Ga 
Gp 

6310K 
36  dB 

20  dB 

T 
Gd 

5540K  max. 

14  dB 

Noise  figure,  downconverter 

5  dB 

Gc 

-3  dB 

Noise  figure,  receiver 

6  dB 

■122  dBm 


5.5  Multiple  Link  Station 

The  following  paragraphs  discuss  and  define  the  receiving  station  used  to 
support  the  TIR0S-N  VHF  APT  and  PCM/TIP  links.  The  station  in  a  simplified 
form  is  shown  in  Figure  5-7. 
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5.5.1  Multiple  Link  Initial  Conditions  and  Assumptions 


Initially,  the  user  has  stated  that  he  would  like  to  support  both  links 
from  an  elevation  angle  of  five  degrees  and  above  with  a  safety  margin  of  3  dB 
for  both  links  at  the  minimum  elevation  angle.  The  designer  has  chosen  the 
configuration  shown  in  Figure  5-7.  As  illustrated,  several  of  the  components 
are  common  to  both  links.  A  multi coupler  is  used  to  split  the  signal  to  two 
receivers.  The  receivers  are  identical  and  can  be  tuned  to  either  the  APT  or 
PCM  signal.  Since  common  elements  are  utilized,  the  designer  realizes  that  he 
has  to  look  at  both  links  in  his  calculations  and  determine  which  link  is 
critical.  Then  the  system  will  develop  from  that  link.  Satisfying  the  criti- 
cal link  will  mean  that  the  other  link  will  have  much  more  margin  than  required. 
The  antenna  to  be  used  is  a  85-foot  dish  having  a  VHF  gain  of  27  dB  and  is 
right-hand  circularly  polarized.  The  cable  length,  already  chosen,  is  100  feet, 
with  a  loss  of  4  dB  per  100  feet.  The  multicoupler  is  a  commercially  built 
item  having  a  noise  figure  of  5  dB  and  an  overall  effective  gain  from  input 
to  one  output  of  0  dB.  The  receivers  have  the  following  characteristics: 


Parameter 


Value 


Frequency  range 

Frequency  tuning 

IF  bandwidths,  kHz 

Video  bandwidths,  kHz 

AGC  speed,  ms 

Demodulators 

For  FM,  detection  type 

For  PM,  AM,  detection  type 
Loop  BW,  Hz 
Tracking  BW,  kHz 

Dynamic  range 

Noise  figure 


VHF  136-138  MHz 

Tunable  over  the  band 

10,50,60,100,500,600,1000 

5,25,30,50,250,300,500 

3,  30,  300,  3000 

AM,  FM,  PM 

Discriminator 

Phase-lock-loop 

3,  10,  30,  100,  300 

+6,  +75,  +150 

Thermal  noise  to  -25  dBm 

6  dB 


5.5.2  Multiple  Link  Receiving  Parameters 

The  receiving  parameters  for  the  APT  and  PCM  links  can  now  be  determined, 
From  Section  4  and  the  above  discussion,  the  following  set-up  is  used: 
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Parameter 

AF 

>T 

PCM 

Frequency  band 

VHF 

VHF 

Frequencies,  MHz 

137. 

50 

136.77 

137. 

62 

137.77 

IF  bandwidth,  kHz 

50 

60 

Video  bandwidth, kHz 

5 

30 

Detection  type 

FM 

PM 

Loop  bandwidth,  Hz 

-- 

30 

Tracking  bandwidth, kHz 

-- 

+6 

AGC  speed,  ms 

30 

30 

5.5.3  Multiple  Link  G/T  Determination 

The  G/T  for  both  links  will  now  be  determined.  From  Section  3,  Figure  3-1, 
for  VHF  PCM  the  G/T  required  is  -17.5  dB.  Also  from  Section  3,  Figure  3-2, 
for  APT  the  required  G/T  is  -27  dB.  Both  G/T's  satisfy  the  initial  conditions. 
The  correction  factor  for  VHF  PCM  is 

C  =  CP 

Where:  CP  =  cross  polarization  loss  =  3  dB. 

Therefore,  the  correction  factor  is  3  dB  and  the  corrected  G/T  is  -14.5. 
The  correction  factor  for  APT  is 

(_JBW_) 
C  =  CP  +  10  Log  v  50  kHz' 

Where:  CP  =  cross  polarization  loss  =  0 
BW  =  50  kHz 

Therefore,  for  APT,  the  correction  factor  is  0  and  the  corrected  G/T  is  -27  dB. 

In  order  to  proceed,  a  decision  on  G/T  must  be  made.  For  this  example, 
the  station  supports  both  links  using  common  components.  Therefore,  to  design, 
only  one  G/T  can  be  used.  It  is  necessary  to  select  the  more  critical  G/T. 
The  higher  G/T  value  is  more  critical.  Thus,  the  PCM  G/T  of  -14.5  dB  will  be 
used.  The  3  dB  safety  margin  will  be  satisfied  for  the  PCM  link  whereas  the 
APT  link  will  have  significantly  more  margin. 
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5.5.4  Multiple  Link  Dynamic  Range 


The  next  step  is  to  determine  the  expected  range  of  signals  for  both  links. 
From  Section  3,  Figure  3-4,  the  range  of  signals  for  APT  is  -109  dBm  to  -94.5  dBm 
and,  for  PCM,  -124  dBm  to  -101.5  dBm. 


5.5.5  System  Definition 


The  gains/temperatures  for  each  box  is  now  to  be  determined.  Starting  with 
the  overall  gain  equation  (5-2)  and  applying  it  to  Figure  5-7  we  have: 


Go  =  <Ga  "  La  "  cp)  +  Gp  +  Gc  +  G 


m 


Where: 


Thus, 


Ga  = 

La  = 

CP  = 


Gm 

Go 
Go 


overall  gain 
antenna  gain 
loss  between 


at  receiver  input 

=  27  dB 

antenna  elements 


and  preamp 


l_a  =  0  since  the  cable  length  is  negligible, 

cross  polarization  loss 

0  for  APT 

3  for  PCM 

preamp  gain 

cable  loss  =  -4dB 

multi coupler  gain  =  0  dB 


20 
23 


!P' 

'p' 


PCM 
APT 


The  receiver  maximum  input  is  -25  dBm  and  the  maximum  signal  level  for 

APT  is  -94.5  dBm,  and  for  PCM  is  -101.5  dBm.  Since  we  are  determining  the 

maximum  gain  possible,  we  will  use  the  link  which  contains  the  highest  level. 
Thus,  the  APT  link  is  used  and  we  have 

-94  +  G0  =  -25 
or 
G0  =  70  dB  maximum 

If  70  dB  were  used  for  G0,  no  safety  margin  would  exist  at  the  receiver. 
The  gain  can  be  greatly  reduced  to  prevent  receiver  overloading.  A  conservative 
margin  would  be  30  dB.  Therefore,  G0  =  40  dB.  Placing  this  value  into  the 
overall  gain  equation  determines  the  preamp  gain.  Thus: 

40  =  23  +  Gp 
or 
Gp  =  17  dB 
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Now  all  gains/losses  are  known.  Only  the  temperatures  have  to  be  deter- 
mined. The  system  noise  temperature  can  be  found  readily  by  using  the  G/T  and 
antenna  gain  figures: 


Where:   G/T  =  -14.5 
Ga  =  27 


G/J  =  Ga  "  Tsys 


Thus,  TSyS  =  41.5  dB  or  14,100°K.  Applying  Equation  5-1  to  Figure  5-7,  we  have 

Tsys  =  Ta  +  Tp  +  T^  +   Jm   +   Jr 

GP    GpGc     GpGcGm 

Tr,  the  receiver  temperature,  is  easily  found  from  Equation  5-3  and  the 

NF  =  6dB  specification.  Thus,  Tr  =  290  (3.98  -  1)  =  864. 5°K. 

Gny,  the  multi coupler  gain,  is  already  known  to  be  0  dB  or  1 . 

Tm,  the  multicoupler  temperature,  is  found  from  Equation  5-3  and  the  NF= 

5  dB  specification.  Thus,  Tm  =  290  (3.16  -  1)  =  626°K. 

Gc>  the  cable  loss,  is  already  known  as  -4dB  or  0.398. 

Tc,  the  cable  temperature,  is  found  from  Equation  5-4  and  <*  =  0.398. 

Thus,  Tc  =  290  (1-0.398)  =  1740K. 

Gp,  preamp  gain,  is  17  dB  or  50. 

Ta,  the  antenna  temperature,  is  found  from  Figure  5-4,  and  is  1500OK  at 

five  degrees  elevation. 


Therefore,  the  temperature  equation  simplifies  to: 

14,100  =  1500  +  Tp  +     -5Q     +     ^7398)  +         5^WRTT 

or 
Tp  =  12,522 
Now  all  parameters  have  been  defined.  In  summary,  they  are: 


Parameter 

Value 

G/T 

-14.5  dB 

Dynamic  range  at  antenna  input 

-124  dBm  to  -94  dBm 

ir 

14J00OK 
27  dB 

'p 

17  dB 

12,  5220K  max. 

Gc 

-4  dB 

If 

0  dB 
5  dB 

NFr 

6  dB 
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APPENDIX  A  -  VHF/S-BAND  RF  LINK  CALCULATIONS 


A-l   Introduction 

This  appendix  provides  the  calculations  necessary  for  determining  re- 
ceived power  and  system" noise  temperatures  for  the  TIROS-N  VHF/S-band  data 
downlinks.  Discussion  of  each  topic  and  explanations  of  key  items  appear 
in  the  following  paragraphs. 

A-2  Received  Power 

For  purposes  of  determining  the  required  ground  station  dynamic  range 
and  for  post  launch  test  and  evaluation,  a  calculation  must  be  made  to 
determine  the  amount  of  RF  power  which  will  be  received  by  the  ground 
station.  The  following  tables  provide  the  necessary  calculations: 

o  Table  A-l,  VHF  PCM/TIP 

o  Table  A-2,  VHF  APT 

°   Table  A-3,  S-band 

Two  general  observations  are  necessary.  The  first  is  that,  in  some 
cases,  the  values  are  shown  as  minimum  and  maximum  values.  This  range  of 
values  includes  the  expected  tolerances  for  the  spacecraft  and  the  space- 
craft-to-ground link.  Utilizing  these  expected  values  ensures  that  the 
final  system  will  operate  between  the  two  limits.  The  other  observation 
is  that  these  calculations  are  based  on  frequencies  occurring  in  the  middle 
of  the  VHF  and  S-band  ranges.  The  higher  and  lower  frequencies  in  these 
ranges  will  cause  slight  variations  in  the  free  space  loss  calculation. 
However,  the  variation  is  on  the  order  of  a  few  tenths  of  a  dB  and  is 
considered  insignificant. 

As  shown,  the  free  space  loss  is  considered  a  variable  for  all  the 
tables.  The  free  space  loss  is  defined  as  the  amount  of  RF  attenuation 
which  exists  between  the  spacecraft  and  the  ground  antenna  and  varies  as 
the  spacecraft-to-ground  antenna  elevation  angle  changes.  This  value  is 
easily  calculated  and  is  shown  in  Appendix  B. 

A  second  variable  shown  in  the  tables  is  the  spacecraft  antenna  gain. 
For  the  VHF  APT  and  the  S-band  spacecraft  antenna,  the  gain  varies  as  a 
function  of  the  angle  between  the  spacecraft  axis  and  the  ground  "look 
angle."  The  antenna  gain  profiles  for  the  VHF  APT  and  S-band  is  shown 
in  Section  2.  The  VHF  PCM/TIP  spacecraft  antenna,  however,  has  been 
specified  as  a  dipole  antenna  having  a  gain  of  -6.0  dBi  at  an  elevation 
angle  of  5  degrees  and  a  gain  of  +5.8  dBi  at  90  degrees.  Since  the 
characteristics  of  the  dipole  antenna  between  angles  of  5  and  90  degrees 
cannot  be  easily  expressed,  a  linear  approximation  is  used  for  simplicity 
and  to  achieve  a  smooth  curve. 
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Table  A-1.--VHF  PCM/TIP  RF  power  received  on  antenna 
surface  as  a  function  of  antenna  elevation 


Parameter 

Unit 

Value 

Transmitter  Power 
Ant-Trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+30.0 

-  3.5 

G 

EIRP 

dBm 

26.5  +  G 

Free  Space  Loss 

dB 

L 

Impinging  RF  Power 

dBm 

26.5  +  G  -  L 

Notes:  1.  The  equation  for  L  is  in  Appendix  B. 

2.  G  is  calculated  as  a  function  of  elevation  angle  and 
antenna  specifications.  At  5  degrees  the  gain  is 
-6.0  dBi,  while  at  90  degrees  it  is  +5.8  dBi.  A  linear 
equation  is  used  to  approximate  the  antenna  gain  at  angles 
other  than  5  or  90  degrees  for  the  stabilized  spacecraft. 
Thus,  G  =  0.139  e  -6.694. 
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Table  A-2.--VHF  APT  RF  power  received  on  antenna  surface 
as  a  function  of  antenna  elevation 


Parameter 

Unit 

Minimum 

Maximum 

Transmitter  Power 
Ant-trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+37.0 

-  2.1 

G 

+37.4 

-  2.1 

G 

EIRP 

dBm 

34.9  +  G 

35.3  +  G 

Free  Space  Loss 

dB 

L 

L 

Impinging  RF  Power 

dBm 

34.9  +  G  -  L 

35.3  +  G  -  L 

Notes:  1.  The  equation  for  L  is  in  Appendix  B, 
2.  G  is  shown  in  Figure  2-4. 


Table  A-3.--S-band  RF  power  received  on  antenna  surface 
as  a  function  of  antenna  elevation 


Parameter 

Unit 

Minimum 

Maximum 

Transmitter  Power 
Ant-Trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+38.0 

-  2.8 

G 

+38.0 

-  2.8 

G 

EIRP 

dBm 

35.2  +  G 

35.2  +  G  -  L 

Free  Space  Loss 
Fading  and  Rain 

dB 
dB 

L 
-  0.4 

L 
-  0.0 

Impinging  RF  Power 

dBm 

34.8  +  G  -  L 

35.2  +  G  -  L 

Notes:  1.  The  equation  For  L  is  in  Appendix  B. 
2.  G  is  shown  in  Figure  2-8. 
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The  end  result  of  the  tables  is  called  the  Impinging  RF  power  and  is 
defined  as  the  amount  of  RF  power  that  illuminates  the  ground  antenna 
surface.  More  discussion  of  this  parameter  and  its  use  is  presented  in 
Section  3  along  with  the  graphical  plot  of  power  versus  elevation  angle. 

A- 3  System  Noise  Temperature 

When  building  a  RF  system,  the  system  noise  temperature  must  be  chosen 
to  satisfy  a  system  threshold  using  predefined  bit  rates/receiver  bandwiths, 
minimum  antenna  elevation  angle,  antenna  gain,  and  a  minimum  margin  above 
the  threshold.  For  the  TIROS-N  VHF  PCM/TIP  and  S-band  data,  the  threshold 
has  been  defined  as  a  data  bit  error  rate  probability  of  1  x  10'6.  The 
threshold  for  the  analog  APT  data  is  defined  as  a  signal-to-noise  ratio  of 
at  least  10  dB.  However,  this  data  is  frequency  modulated  (FM)  onto  the 
VHF  carrier  requiring  examination  of  the  transmission  format.  A  well-known 
fact  is  that  FM  systems  require  from  about  9  to  12  dB  carrier-to-noise 
ratio  in  the  IF  bandwidth  for  conventional  discriminators.  If  the  carrier- 
to-noise  ratio  is  12  dB  or  better,  an  improvement  exists  in  the  output 
signal-to-noise  ratio.  The  amount  of  improvement  is  directly  related  to 
the  modulation  index.  Thus,  for  threshold  consideration,  the  required 
carrier-to-noise  ratio  is  considered  to  be  12  dB.  As  long  as  the  C/N  is 
12  or  better,  the  S/N  required  by  the  user  will  be  significantly  exceeded. 

A-3.1  Calculations 

The  following  tables  present  the  calculations  for  the  TIROS-N  data 
links: 

o  Table  A-4,  VHF  PCM/TIP 

o  Table  A-5,  VHF  APT 

o  Table  A-6,  S-band 

The  variables  used  to  determine  system  noise  temperatures  are  free 
space  loss  which  is  directly  related  to  elevation  angle,  ground  antenna 
gain,  required  safety  margin,  and  bit  rate/receiver  IF  bandwidth.  The 
calculations  are  based  upon  the  minimum  expected  values.  More  discussion 
of  system  noise  temperatures  and  its  use  is  presented  in  Section  3  along 
with  graphical  plots. 

A-3.2  How  to  Use  Results 

The  table  results  are  shown  graphically  in  this  appendix  in  Figures 
A-l.l  through  A-3.5  for  specific  antenna  elevation  angles.  The  figure 
numbers  have  been  defined  as  follows: 

Figure  A-X.Y 

Where  X  defines  the  data  type: 
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Table  A-4.~ System  noise  temperature  calculation  for  the 
TIROS-N  VHF  downlink  PCM/TIP  data   (8.32  kbps) 


Parameter 

Unit 

Value 

Transmitter  Power 
Ant. -Trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+30.0 
-  3.5 
SG 

EIRP 

dBm 

26.5  +  SG 

Free  Space  Loss 

Ground  Ant  Pointing  Loss 

Ground  Antenna  Gain 

dB 
dB 
dBi 

L 
-  0.2 
GG 

Total  Received  Power 

dBm 

26.3  +  SG  +  GG  -  L 

Modulation  Loss 
(67  +_  7.5  degrees) 

dB 

-1.3 

Effective  Received  Signal 

dBm 

25.0  +  SG  +  GG  -  L 

Required  Safety  Margin 
Demod.  Loss 
Required  Ed/N0(10~6) 

dB 
dB 
dB 

M 
+  3.0 
+10.5 

Required  Received  Ej^/Nq 

dB 

13.5  +  M 

Total  Noise 

dBm 

11.5  +  SG  +  GG  -  L  -  M 

Bit  Rate  BW 

dB-Hz 

10  Log  (8.32x10  3)  =  39.2 

Noise  Spectral  Density 
Required  (NSD) 

dBm/Hz 

SG  +  GG  -  (L  +  M  +  27.7) 

Noise  Temperature 

OK 

anti-Log  198.6  +  NSD 
(    10     ) 

G/T 

dB 

GG  -  (198.6  +  NSD) 

Notes 


1. 

2. 


The  equations  for  L  and  Modulation  Loss  are  in  Appendix  B. 

SG  is  calculated  as  a  function  of  elevation  angle  and  antenna 
specifications.  At  5  degrees  the  gain  is  -6.0  dBi,  while  at 
90  degrees  (nadir)  it  is  +5.8  dBi.  A  linear  equation  is  used 
to  approximate  the  antenna  gain  at  angles  other  than  5  or  90. 
Thus,  SG  =  0.139  0  -6.694. 
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Table  A-5. —  System  noise  temperature  calculation  for  the 
TIROS-N  VHF  downlink  APT  data 


Parameter 

Unit 

Value 

Transmitter  Power 
Ant-Trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+37.0 

-  2.1 

SG 

EIRP 

dBm 

34.9  +  SG 

Free  Space  Loss 

Gnd.  Ant.  Pointing  Error 

Ground  Antenna  Gain 

dB 
dB 
dBi 

L 
-  0.2 
GG 

Total  Rcv'd  RF  Power 

dBm 

34.7  +  SG  +  GG  -  L 

Required  Safety  Margin 
Required  Minimum  C/N 

dB 
dB 

M 
+12.0 

Required  Received  C/N 

dB 

+12.0  +  M 

Total  Noise 

dBm 

22.7  +  SG  +  GG  -  (L+M) 

Receiver  IF 

dB-Hz 

10  Log  IF 

Noise  Spectral  Density 
Required  (NSD) 

dBm/Hz 

22.7  +  SG  +  GG  -  (L+M+10  Log  IF) 

Noise  Temperature 

°K 

,198.6  +  NSDX 
anti-Log  (    10    ) 

G/T 

dB 

GG  -  (198.6  +  NSD) 

Notes:  1.  The  equation  for  L  is  in  Appendix  B. 

2.  SG  is  shown  in  Figure  2-4. 

3.  +12dB  C/N  in  the  IF  is  considered  a  threshold  requirement  for  an 
FM  system.  The  APT  data  user  requires  a  minimum  S/N  of  lOdB 
post  detection.  The  lOdB  S/N  will  be  exceeded  in  an  FM  system 
as  long  as  the  C/N  is  12dB  or  greater. 
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Table  A-6. —  System  noise  temperature  calculation  for  the  TIROS-N 
S-band  1702-5  MHz  downlink  PCM  data 


Parameter 

Unit 

Value 

Transmitter  Power 
Ant-Trans.  Loss 
Antenna  Gain 

dBm 

dB 

dBi 

+38.0 
-  2.8 
SG 

EIRP 

dBm 

35.2  +  SG 

Free  Space  Loss 
Fading  and  Rain 
Ground  Antenna  Gain 

dB 
dB 
dBi 

L 
-  0.4 
GG 

Total  Received  Power 

dBm 

34.8  +  SG  +  GG  -  L 

Modulation  Loss 

(67+7.5  degrees) 
Pre-Mod  Filter  Loss 
Adjacent  Channel  Inter- 
ference 

dB 
dB 
dB 

-  1.3 

-  1.2 

-  3.8 

Effective  Received  Signal 

dBm 

28.5  +  SG  +  GG  -  L 

Required  Safety  Margin 
Demod.  Loss 
Required  Eb/N0  (10'6) 

dB 
dB 
dB 

M 
+  3.0 
+10.5 

Required  Received  Ep/N0 

dB 

13.5  +  M 

Total  Noise 

dBm 

15.0  +  SG  +  GG  -  (L+M) 

Bit  Rate  BW 

dB-Hz 

10  log  BR 

Noise  Spectral  Density 
Required  (NSD) 

dBm/Hz 

15.0  +  SG  +  GG  -  (L  +  M  +  10  Log  BR) 

Noise  Temperature 

°K 

*«*4  .  ~~  ,198.6  +  NSDX 
Anti-Log  (    1Q    ) 

G/T 

dB 

GG  -  (198.6  +  NSD) 

Notes:  1.  The  equations  for  L  and  Modulation  Loss  are  in  Appendix  B. 
2.  SG  is  shown  in  Figure  2-8. 
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X.    Data  Type 

1  VHF  PCM/TIP 

2  VHF  APT 

3  S-band,  bit  rate  =  0.66  Mbps 

Y  defines  the  elevation  angle: 

_Y     Elevation  Angle,  Degrees 


1 

1 

2 

5 

3 

10 

4 

15 

5 

40 

For  example:  Figure  A-2.3  refers  to  the  VHF  APT  taken  at  an 
elevation  angle  of  10  degrees. 

The  first  step  in  choosing  system  noise  temperature/gain  is  to  decide 
the  lowest  elevation  angle  the  user  wishes  to  support  for  the  interested 
downlink.  This,  plus  the  downlink  characteristics,  will  determine  a  par- 
ticular figure  in  this  appendix.  Normally,  VHF  antennas  and  preamps  are 
designed  to  cover  the  frequency  range  of  136  to  138  MHz  which  satisfies 
both  the  PCM  and  APT  links.  If  the  user  decides  to  support  only  one  VHF 
link,  then  he  can  proceeed  directly  to  the  calculations  for  that  link. 
However,  if  both  APT  and  PCM  links  are  to  be  supported  on  the  same  system, 
then  he  need  only  calculate  the  PCM  link.  The  reason  is  because  the  PCM 
link  is  a  more  critical  link.  Satisfying  the  PCM  link  will  result  in  a 
more  than  sufficient  link  for  the  APT.  For  the  S-band  portion,  if  the  user 
is  expecting  to  support  more  than  one  link,  then  the  highest  bit  rate  should 
be  utilized  to  determine  the  system  noise  temperature/gain.  Satisfying  this 
condition  will  satisfy  the  lower  bit  rates.  We  are  now  left  with  three 
variables;  mainly,  (1)  antenna  gain,  (2)  system  noise  temperature,  and 
(3)  safety  margin.  Compromising  and  tradeoffs  are  now  possible  to  the 
designer  for  choosing  the  final  system.  If  the  designer  is  starting  from 
scratch,  then  he  should  first  decide  on  a  safety  margin.  Next,  he  will 
alternate  gain  versus  temperature  from  the  figure  until  he  finds  an  optimum 
solution  in  terms  of  cost  and  feasibility.  If  the  user  is  starting  from 
a  given  antenna  gain,  then  he  can  only  vary  the  safety  margin  until  he 
finds  a  compatible  noise  temperature.  The  third  possibility  is  starting 
from  a  predetermined  noise  temperature  and  varying  gain  and  margin.  However, 
this  last  strategy  is  a  highly  unlikely  approach. 

Example;  An  example  will  demonstrate  the  usefulness  of  the  figures. 
The  given  facts  are  that  both  VHF  PCM  and  VHF  APT  are  to  be  supported  above 
5  degrees,  antenna  gain  of  25  dB,  and  a  receiver  IF  of  50  kHz  for  APT. 

The  first  step  is  to  locate  the  proper  figures.  For  PCM  the  figure 
is  A-1.2,  while  for  APT  it  is  A-2.2. 
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These  figures  show  four  possibilities  as  follows: 

Margin  PCM  Temp.  APT  Temp. 

(dB)  °K  °K 

9  4,700  40,000 

6  9,400  80,000 

3  18,800  160,000 

0  37,600  320,000 

As  shown,  the  PCM  link  results  in  lower  noise  temperatures.  Therefore, 
if  both  links  are  to  be  supported,  then  only  the  PCM  link  should  be  used. 
Designing  for  the  PCM  will  result  in  a  significant  margin  on  the  APT  link. 
At  this  point  in  the  design,  cost  and  feasibility  should  enter  the  picture. 
As  a  guideline,  cost  increases  as  the  antenna  gain  increases  and  as  the 
temperature  and/or  margin  decreases.  In  this  example,  the  antenna  gain  was 
fixed,  thus  the  trade-offs  for  cost  are  between  the  temperature  and  margin. 
In  the  VHF  band  a  general  rule  of  thumb  for  sky  noise  is  on  the  order  of 
1500  °K  (for  S-band,  it  is  about  70  °K).  All  the  choices  shown  in  the 
table  for  PCM  are  available  for  use.  The  logical  choices  are  the  9  dB 
margin/4,700  °K  and  the  6  dB  margin/9,400  °K.  The  9  dB  margin/4,700  °K 
choice  is  preferred  since  we  have  a  good  margin  and  the  temperature  is 
within  reason.  For  this  choice,  1500  °K  is  used  for  sky  noise,  leaving 
about  3200  °K  to  be  used  for  the  antenna,  preamp,  and  individual  box  noise 
temperatures. 

In  Section  3,  a  correction  factor  was  discussed  which  is  applied  to 
the  calculations.  Here  again,  the  correction  factor  can  be  applied.  In 
this  case,  however,  the  correction  factor  is  applied  to  either  the  gain  or 
the  noise  temperatures  according  to  the  following  rules  (assumes  the 
correction  factor  is  in  the  dB's): 

1.  If  the  noise  temperature  was  used  to  determine  the  gain,  then  the 
antenna  gain  should  be  corrected  as  follows: 

Gc  =  G  +  CF 

where: 

Gc  =  corrected  gain 
G  =  gain  from  figures 
CF  =  correction  factor 

2.  If  the  gain  was  used  to  determine  the  temperature,  then  the 
temperature  should  be  corrected  as  follows: 

Tc  =  T  *  /anti-log  CF_\ 
I        10 
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where: 

Tc  =  corrected  temperature 

T  =  Temperature  from  figures 

CF  =  correction  factor 

*  =  multiplication 

Thus,  if  CF  is  +3  dB  then  the  gain  is  3  dB  higher  or  the  temperature 
is  twice  that  shown  on  the  figures. 
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APPENDIX  B  -  BASIC  EQUATIONS 

B.l   Introduction 

This  appendix  presents  the  basic  orbital  and  electronic  calculations  for 
determining  orbital  parameters,  Doppler  shift  and  rate,  and  RF  parameters. 
Results  of  derived  equations  are  utilized  in  Sections  3-5. 

B.2  Orbital  Mechanics 


According  to  convention,  a  spacecraft  becomes  a  satellite  when  it  makes 
more  than  one  revolution  around  the  earth  without  the  use  of  thrust  to  counter- 
act the  pull  of  gravity.  Thus,  for  a  satellite  in  a  circular  orbit,  gravita- 
tional force  counter-balances  centrifugal  force  as  shown  by: 

2 

msGM   _  msV 


2 

r 


So  that 


Where: 


V  =  (GM/r)2  (B-l) 


Fg  =  the  force  due  to  gravity  (newtons) 

Fc  =  the  centrifugal  force  (newtons) 

ms  =  the  satellite  mass  (kg) 

r  =  the  distance  of  the  satellite  from  the  center  of  the  earth  (m) 

v  =  the  satellite  velocity  (m/sec) 

M  =  the  mass  of  the  earth 

G  =  the  universal  constant  of  gravitation 

=  6.67  x  lO"11  m3  n 


kg-sec 
The  satellite  period  T  is  the  distance  divided  by  the  velocity;  therefore: 


%)" 
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B.3  Range 


The  distance  between  the  observer  and  the  spacecraft  may  be  readily 
calculated  provided  that  the  antenna  elevation  angle  and  the  spacecraft 
altitude  above  the  earth's  surface  are  known.  Referring  to  Figure  B-l , 
the  following  parameters  are  defined: 

re  =  earth's  equatorial  radius 

s  =  height  of  the  spacecraft  above  the  earth 

r  =  radius  vector  from  the  center  of  the  earth  to  the  spacecraft 

=  re  +  s 

R  =  slant  range 

F  =  central  angle 

G  =  90°  +  antenna  elevation  angle  E 

E  =  antenna  elevation  angle 

v   H  =  180°  -  (F  +  G) 


The  Law  of  Sines  states  that 


re       r       R 


sin  H    sin  G    sin  F 


(B-3) 


sin  H  = 


or 
re  sin  G 


r 

yielding  the  angle  H.  The  central  angle  may  now  be  calculated,  since: 
F  =  180°  -  (G  +  H) 

or  (B-4) 

F  =  90°  -  (E  +  H) 

Knowing  the  value  of  the  central  angle,  the  height  of  the  spacecraft, 
and  the  earth's  radius,  the  range  may  now  be  calculated  by  the  Law  of  Cosines 
yielding: 

R  =  (re2  +  r2  -  2rre  cos  V)h  (B_5) 
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Figure  B-l . --Orbit  geometry 
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B.4  Range  Rate 

The  range  rate  or  the  velocity  that  the  range  changes  can  be  easily 
derived  by  differentiating  the  range  equation  (B-5)  with  respect  to  time. 

ft  =  r(r  -  re  cos  F)  +  F  (rre  sin  F)         (B_6) 
R 

Where: 

r  =  rate  of  change  of  radius  vector  from  the  spacecraft  to  the 
center  of  the  earth.  For  circular  orbits  r  =  constant  and: 
therefore,  r  =  0. 

F  =  rate  of  change  of  the  central  angle  and  is  found  from  the 
following  equations: 

t   _  orbital  circumference 
orbital  period 

2tt  r 


"     Jt 


Putting  the  values  in  equation  B-6  yields: 

mR  =   (GM)^(rre  sin  F)  (B-7) 


R  rh 


B.5  Rate  of  Range  Rate 


The  rate  of  range  rate  can  also  be  easily  derived  by  differentiating 
Equation  B-7  with  respect  to  time  yielding,  after  simplifying: 


V  -  CM  re  cos  F  -(R^  (B_8) 

Rr         R 
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B.6  Propagation  Loss 

If  the  power  of  a  transmitter  is  denoted  by  P^  and  if  an  omnidirectional 
antenna  (isotropic)  is  used,  the  power  density  at  a  distance  R  from  the 
transmitting  antenna  is  equal  to  the  transmitter  power  divided  by  the  surface 
area  4ttR2  of  an  imaginary  sphere  of  radius  R.  If  the  gain  of  the  transmitting 
antenna  (Gt)  is  considered,  then: 

Pr  =  !^t  (B-9) 

4ttR2 

Where  Pr  =  received  power. 

Since  the  receive  antenna  captures  a  portion  of  the  transmitted  power  and 
if  the  effective  capture  area  of  the  receive  antenna  is  Ar,  then: 

PtGtAr 

Pr  = 5-  (EM0> 

4ttR 

Antenna  theory  gives  the  relationship  between  antenna  gain  and  effective 
area  as: 

47TAt  4irAr 

Gt  =  — p—   ;   Gr  =  — p— 

A  A 

If  isotropic  antennas  are  to  be  used  for  both  transmission  and  reception: 
G+  =  Gp  =  G  =  1 
and      ? 

A 
At  =  Ar  =  A  =  47 

Substituting  into  Equation  B-10 

Pr     Pt  ^  ,        1N 

=  7  (B-ll) 
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Dividing  by  Pt,  we  obtain  the  ratio  of  received  power  to  transmit  power 
(propagation  loss): 

Pr      X2 

t^    =     2  (B"12) 

Pt     (4ttR)^ 

For  ease  of  calculations  Equation  B-12  is  inverted  giving  the  ratio  of 
transmit  to  receive  power.  The  space  attenuation  loss  L  =  Pt  in  dB  may  be 
calculated  using  the  following  equation:  p- 


r 


4ttR2 


L(dB)  =  10  Log  —j-  (B"13) 


where  R  and  X     are  in  meters.  Since 

300 

x    = 


F  (MHz) 


(M2  x  10 

L(dB)  =  10  Log   __  +  20  Log  (RF)  (B-14) 

9 


where  R  is  in  KM  and  F  is  in  MHz. 


B.7   Doppler  Shift  and  Rate 

Relative  velocities  of  spacecraft  to  the  ground  observer  are  often  great 
enough  to  produce  shifts  in  frequency  (Doppler  shift)  of  significant  magnitude. 
The  Doppler  shift  corresponding  to  the  range  rate  expression  is: 


R  (F) 

D  =  5-  (B-15) 

C  -  R 


Where: 

D  =  Doppler  shift  in  Hz    5 

C  =  speed  of  light  =  3  x  10'   km/sec 

R  =  range  rate  in  km/sec 
F  =  center  frequency  in  Hz 


B-6 


The  rate  of  Doppler  shift  or  Doppler  rate  is  useful  for  purposes  of 
determining  required  tracking  rates  and  can  be  found  by  differentiating 
Equation  B-15  with  respect  to  time. 


•* 


D  = 


fR (F)  (B-16) 


(C-R)2 


Where: 

D  =  Doppler  rate  in  Hz/sec 

2 
R  =  rate  of  range  rate  in  km/sec 

B.8  S/C  RF  Parameters 

For  TIROS-N  all  downlinks  are  a  form  of  phase  modulation.  Therefore,  the 
following  discussion  will  apply  only  to  phase  modulation.  In  phase  modulation 
the  instantaneous  phase  angle  (0)  of  the  carrier  is  varied  by  the  amplitude  of 
the  modulating  signal.  The  expression  fora  carrier  phase  modulated  by  a 
single  sinusoid  is  given  by: 

e(t)  =  Ec  sin   (Wct  +  <j>    +   A<j>  cos  Wmt)  (B-17) 

Where: 

A<j>  =  peak  value  of  phase  variation  introduced  by  modulation  and  is 

defined  as  phase  deviation 
Wm  =  modulation  frequency,  radians/sec 

As  seen  from  above,  phase  modulation  looks  very  similar  to  frequency 
modulation,  the  difference  being  in  the  term  A<j).  A<}>  in  Fm  is  replaced  by 

p—  where  aF  is  the  frequency  and  Fm  is  the  modulating  frequency.  For  phase 

•"m 

modulation,  A<|)  is  a  function  of  the  amplitude  of  the  modulating  signal  only. 

For  a  constant  amplitude  of  modulating  signal,  the  frequency  band  is  directly 

proportional  to  the  modulating  frequency.  The  frequency  band  occupied  by  the 

side  bands  containing  significant  energy  is  given  approximately  by: 

F  =  2  Fm  (1  +  Acf,)  (B-18) 

where  A<f>  is  in  radians. 
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B-8.1  Carrier  Power  Versus  Sideband  Power 


For  TIROS-N,  all  downlinks  contain  square  wave  type  of  modulation.  It  is 
a  well-known  fact  that  the  ratio  of  carrier  power  to  total  power  for  square 
wave  modulation  is : 

pc      2 

—  =  COS   A<j> 


Pt 


or  in  dB 


Ji)  dB  =  20  log  (cos  A<j>)  (B-19) 


and  the  ratio  of  sideband  power  to  total  power  is 

P        2 

SB  =  sin   A<j> 

Pt 

or  in  dB 


?J*\  =   20  log  (sin  ^)  (B-20) 


B-8.2  Bandwidth 


For  square  wave  modulation,  the  power  spectral  density  is  of  the  form: 


Both  NRZ  and  split  phase  signals  are  square  wave  encoded  modulations  where  one 
bit  equals  the  time  interval  T  of  the  square  wave.  In  NRZ  codes,  a  one  or 
zero  bit  causes  a  predefined  level  to  occur  in  the  square  wave,  whereas  in 
split  phase  a  one  or  zero  causes  a  transition  to  occur  in  each  bit.  As  a 
result,  the  instantaneous  frequency  of  a  NRZ  stream  can  vary  from  zero  to 
one-half  the  bit  rate  and,  for  a  split  phase  stream,  can  vary  from  one  half 
bit  rate  to  bit  rate.  The  power  spectral  density,  therefore,  is  shown  in 
Figure  B-3  and  B-4.  For  bandwidth  consideration,  most  of  the  energy  is 
contained  up  to  the  first  zero  crossing.  Therefore,  the  effective  Fm  is  BR 
for  NRZ  and  2BR  for  split  phase  where  BR  is  bit  rate.  Plugging  into  Equation 
B-18  yields: 
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Figure  B-2.~ (sin  x/x)     where  x  =  2-rr/T 


2BR  4BR 

Figure  B-3. --Split  phase  power  density 


BR  2BR 

Figure  B-4.--NRZ  power  density 
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FNRZ  =  2BR  (1  +  A<fr)  (B-21) 

and 
FS(J)   =  4BR  (1  +  At)  (B-22) 

B-9  Received  Bandwidth 


For  purposes  of  determining  receiver  IF  bandwidths  required  on  the 
ground,  several  factors  shall  be  considered.  These  are  the  instability  of 
the  S/C  transmitter,  RF  transmitted  bandwidth,  and  the  Doppler  shift  .  Total 
minimum  received  bandwidth  is  then: 


BW  =  +F  +D  +S  (B-23) 


Where: 


F  =  h   RF  bandwidth 

D  =  Doppler  shift 

S  =  transmitter  instability  and  offset  from  center  frequency 
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APPENDIX  C  -  ANTENNA  MOVEMENTS 
C.l  Introduction 


The  purpose  of  this  appendix  is  to  briefly  describe  and  discuss  ground 
antenna  mounts  and  drive  systems.  Three  basic  antenna  systems  will  be  talked 
about:  ,  1)  Az-El  mount  with  90-degree  maximum  elevation,  2)  Az-El  mount  with 
capability  of  180-degree  rotation  in  elevation  axis,  and  3)  X-Y  mount. 
Category  1  above  will  be  discussed  in  the  most  detail  since  it  is  the  most 
common  antenna  mount  and  is  the  cheapest  and  lightest  to  construct.  Required 
velocities  for  each  axis  will  be  presented  along  with  the  data  loss  in  seconds 
for  cagegory  1  above.  It  is  the  intention  of  this  section  to  only  present 
information  and  not  to  design  the  mounts.  Other  designers  might  find  a  better 
approach  to  the  problems  of  antenna  mounts  and  drive  systems  than  that  presented 
here. 

C.2  Az-El  Mount  with  90-Degree  Limitation 

The  Az-El  mount  is  an  inexpensive,  lightweight,  and  easy  mount  to  con- 
struct. The  antenna  consists  of  two  axes:  1)  Azimuth  (Az)  and  2)  Elevation 
(El).  The  azimuth  axis  usually  rotates  through  an  angle  greater  than  360 
degrees  around  a  plane  parallel  to  the  earth's  surface.  The  elevation  axis, 
in  this  case,  rotates  to  an  angle  of  only  90  degrees  in  the  vertical  plane 
(plane  perpendicular  to  azimuth  plane).  Normally  for  ease  of  construction, 
the  elevation  axis  is  placed  above  the  aximuth  axis  giving  rise  to  the  name 
"elevation  over  azimuth  antenna."  The  reference  point  for  locating  both  axes 
is  that  the  true  north  horizon  corresponds  to  0  degrees  in  azimuth  and  ele- 
vation. Eastern  horizon  would  then  be  90  degrees  azimuth  and  0  degrees 
elevation,  and  so  forth.  Plus  90  degrees  elevation  occurs  at  zenith  and, 
at  zenith,  the  aximuth  angle  can  be  any  degree. 

An  awkward  situation  occurs  on  Az-El  antennas  of  this  type  which  makes 
tracking  a  satellite  in  earth  orbit  difficult.  When  satellites  approach 
zenith  where  the  limit  on  elevation  angle  is  neared,  then  the  antenna  must 
rotate  many  degrees  in  the  azimuth  axis  (sometimes  as  much  as  180  degrees) 
in  order  to  "catch"  the  satellite  as  it  begins  the  back  side  of  the  pass 
(going  from  zenith  back  to  the  horizon).  As  the  antenna  rotates  in  azimuth 
through  this  situation,  the  elevation  angle  is  generally  held  constant.  If 
the  azimuth  rate  is  too  slow  then  the  antenna  will  have  arrived  at  the 
intercept  point  too  late  and  manual  intervention  would  be  required  to  catch 
up  to  the  spacecraft.  On  the  other  hand,  if  the  rate  is  too  fast,  then  the 
antenna  will  arrive  early  and  must  be  stopped  until  the  satellite  arrives. 
So  far,  only  the  antenna  movement  was  discussed.  A  secondary  problem  will 
be  related  to  the  RF  beamwidth  of  the  antenna.  If  the  beamwidth  is  wide 
enough,  no  loss  of  data  would  occur  as  the  antenna  rotates  in  azimuth. 
However,  if  the  beamwidth  is  too  narrow  then  loss  of  data  could  occur  even 
though  the  antenna  and  spacecraft  arrive  at  the  intercept  point  simultaneously. 
More  will  be  said  about  this  in  the  appropriate  paragraphs. 
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The  highest  elevation  angle  the  antenna  can  possibly  achieve  will  be  defined 
in  this  document  as  the  "cone  of  silence"  and  is  referenced  from  zenith. 

The  initial  parameters  needed  for  any  antenna  drive  are  the  maximum 
velocity  and  maximum  acceleration  that  the  antenna  must  move  to  keep  track 
of  a  spacecraft.  In  order  to  determine  these  parameters,  a  worst  case 
situation  must  be  used  and  then  applied  to  each  axis  of  the  driving  antenna. 
The  worst  case  situation  for  satellite  to  ground  tracking  for  satellites  in 
earth  orbit  occurs  when  a  spacecraft  starts  at  the  horizon  and  rises  directly 
overhead  for  a  maximum  angle  of  90  degrees  in  the  antenna  axis  plane.  This 
"directly  overhead  pass"  may  occur  rarely  or  very   frequently  depending  upon 
spacecraft  altitude  and  inclination  and  upon  the  ground  station  latitude  and 
longitude.  In  any  case,  one  can  be  assured  that  it  will  occur  at  some  time. 

The  rates  of  antenna  motion  will  vary  as  the  spacecraft  rises  from  horizon 
to  directly  overhead.  At  the  horizon,  the  spacecraft  appears  to  move  very 
slowly,  hence  a  slow  rate  on  the  ground  antenna  is  required.  However,  at 
zenith,  the  spacecraft  appears  to  have  speeded  up  and  will  be  moving  very 
rapidly  relative  to  the  stationary  ground  observer,  thus  necessitating  a 
faster  moving  ground  antenna.  The  two  parameters  to  describe  this  motion 
are  velocity  and  acceleration. 

C-2.1  Elevation  Rates 


The  elevation,  velocity,  and  acceleration  of  the  elevation  axis  for 
an  overhead  pass  can  be  found  using  Figure  B-l  and  the  Law  of  Cosines. 

r2  =  R2  +  re2  -  2R  re  cos  G  (C-l) 

Rewriting  Equation  C-l:         2    2    2 

R  +  re  -  r 

cos  G  =  — WTe (c"2) 

The  elevation  angle  can  be  found  from  Equation  C-2  or  by  using  the  relation- 
ship: 

G  =  90  +  E  (C-3) 

By  differentiating  Equations  C-2  and  C-3  with  respect  to  time  and  simplifying 
the  result  yields: 


C-2 


G  =  E 


and 

,  (re  cos  G  -  R) 
G  =  R   re  R  sin  G 


(C-4) 


Where:  , 

G  =  angular  velocity  of  elevation  axis  in  radians/sec 

R  =  range  rate 

Again,  differentiating  Equation  C-4  with  respect  to  time  and  simplifying 
results  yields: 

•  #   •• 

G  =  E 


and 
V  JR  •  (R)  "RG 


R   tan  G 


1 


1 

R  tan  G     re  s 


in  G  J   R 


(C-5) 


G  + 


resin  G 


Where: 


G  =  angular  acceleration  of  elevation  axis  in  radians/sec 

•• 

R  =  rate  of  range  rate 

By  picking  an  elevation  E,  the  velocity  and  acceleration  can  be  determined. 

Equations  C-4  and  C-5  are  plotted  as  a  function  of  E  in  Figures  C-l  and 

C-2,  respectively.  As  shown,  the  maximum  velocity  occurs  around  90  degrees 

and  is  0.51  degrees  per  second.  The  maximunuacceleration  occurs  around 
58  degrees  and  is  0.00265  degrees  per  second  . 

C-2. 2  Azimuth  Rates 


The  next  step  is  to  determine  the  azimuth  rate  required.  This  is  difficult 
to  determine  because  of  the  cone  of  silence  which  occurs  around  zenith  for  this 
antenna  type.  One  solution  to  this  problem  is  to  make  some  assumptions  con- 
cerning the  antenna  and  orbital  track  and  then  calculate  the  rate.  For  this 
document,  the  information  supplied  should  satisfy  the  worst  case  situation 
conceivable.  The  assumptions  made  are  the  following: 
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1)  The  worst  case  pass  will  be  used;  i.e.,  the  spacecraft  starts  at  the 
horizon  and  passes  directly  overhead  for  a  maximum  elevation  angle  of  90  degrees 

2)  The  antenna  will  track  in  elevation  only  up  to  the  cone  of  silence. 
Therefore,  should  the  cone  of  silence  be  2  degrees,  then  the  elevation  axis 
can  only  be  moved  electrically/automatically  to  88  degrees. 

3)  The  azimuth  axis  must  rotate,  for  a  directly  overhead  pass,  through 
a  maximum  of  180  degrees  while  holding  the  elevation  angle  constant. 

4)  The  antenna  follows  the  spacecraft  up  to  the  cone  of  silence  and 
then  begins  its  rotation  about  the  azimuth  axis.  Upon  completion  of  rotation, 
the  antenna  and  spacecraft  arrive  at  the  intercept  point  (on  the  back  side  of 
the  pass)  simultaneously  and  normal  tracking  is  resumed. 

Generally,  the  above  assumptions  are  more  tightly  specified  than  will  be 
found  in  common  practice.  However,  the  reader  can  be  assured  that  if  the 
antenna  meets  these  assumptions,  then  the  antenna  will  operate  correctly  for 
any  situation. 

From  Appendix  B  and  Figure  B-l ,  the  satellite  orbital  period  is: 

;'  R3 


GM 


Since  the  central  angle  F  must  rotate  2tt  radians  in  one  orbital  period, 
the  central  angle  velocity  is: 

*F  =  r  ■  Vf"    rad/sec 

The  next  step  is  to  find  the  central  angle  by  picking  the  elevation  angle 
E  using: 

F  =  90  -  (E  +  h) 
and 

.in  h  =  re  cos  E 
R 

Therefore,  the  time  it  takes  the  spacecraft  to  go  from  the  elevation  angle 
E  to  90  degrees  is: 

t-l- 


C-5 


For  the  azimuth  slew,  the  spacecraft  travels  the  angle  -F  to  +F  for 
a  total  tine  of  2t.  During  this  2t  time,  the  azimuth  axis  must  rotate  180 
degrees,  worst  case,  resulting  in  the  velocity  defined  by: 

...    180    90   .      , 
V/\z  =  jr~    =  F~  degrees/ sec 

The  azimuth  velocity  versus  the  antenna  elevation/cone  of  silence 
is  shown  in  Figure  C-3.   As  shown,  below  about  88  degrees  elevation, 
the  required  azimuth  velocity  slowly  increases  while  above  88  degrees, 
the  required  velocity  increases  rapidly.  Generally,  cone  of  silence  of 
2  degrees  is  typical.  From  the  figure,  an  azimuth  velocity  of  about  23 
degrees  per  second  is  needed  to  support  the  2  degree  cone  of  silence. 
The  designer  should  decide  upon  the  maximum  elevation  angle/cone  of 
silence  he  wishes  to  support  and  then  read  off  the  required  azimuth  rate 
from  the  figure. 


C-2.3  Data  Loss 


The  prior  discussion  has  applied  only  to  the  mechanical  motion  of  this 
type  of  antenna.  Further  consideration  must  be  given  to  the  effect  of  the 
RF  beamwidth  on  the  tracking  ability.  Under  many  conditions  of  beamwidth, 
the  antenna  will  track  the  satellite  smoothly  with  no  loss  of  data.  However, 
other  conditions  exist  when  the  RF  beam  is  very   narrow  where  the  antenna 
tracks  the  satellite,  but  the  telemetered  data  will  be  outside  the  antenna 
beamwidth  resulting  in  a  data  loss.  This  section  will  attempt  to  provide 
enough  information  to  the  designer  so  that  he  may  have  an  indication  of  the 
data  loss  amount  of  his  antenna. 

Each  antenna  has  a  parameter  known  as  the  RF  beamwidth  and  is  normally 
specified  at  the  -3  dB  points.  This  RF  beanwidth  parameter  defines  the 
directivity  of  the  antenna  and  will  vary  according  to  the  frequency  and  size 
of  the  antenna.  As  an  example,  an  85-foot  parabolic  antenna  may  have  a 
-3  dB  beamwidth  of  around  0.5  degrees  at  S-band  while  at  VHF  it  is  around 
6  degrees.  As  long  as  the  satellite  transmitted  power  is  received  within 
the  ground  antenna  beamwidth,  the  data  can  be  received  and  the  antenna  can 
automatically  follow  the  satellite  motion.  This  assumes,  of  course,  that 
the  received  power  is  above  the  threshold  of  the  system.  For  this  section, 
the  RF  beamwidth  is  assumed  to  be  specified  at  the  -  3  dB  points  and  that 
there  is  sufficient  margin  (above  3  dB)  in  the  tracking  system  link. 
The  calculations  and  figures  presented  here  could  also  be  used  for  beamwidths 
specified  to  be  -1  dB.  In  other  words,  the  specification  can  be  anything  as 
long  as  the  designer  is  careful  in  using  the  results.  He  must  be  sure  that 
he  has  enough  signal  level  in  his  tracking  system. 
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The  term  data  loss  is  specified  in  units  of  seconds  and  can  be  defined 
as  the  total  time  where  the  satellite  signal  falls  outside  the  ground  antenna 
beamwidth  while  the  antenna  is  attempting  to  follow  the  satellite.  Figure 
C-4  defines  the  geometry  for  data  loss.  As  shown,  the  RF  beamwidth  is  centered 
around  the  angle  G  (90  +  E)  which  also  defines  the  cone  of  silence.  No  data 
loss  exists  as  long  as  G  +  JgRF  >  180.  In  the  following  calculations,  a  prime 
placed  with  the  value  refers  to  the  effective  value  in  order  that  Figure  B-l 
can  also  be  used.    Therefore: 

C  =  cone  of  silence 
RF  =  RF  beamwidth 
G1  =  90  +  E' 


E'  =  90  -  C  +  W 


sin  h'  =  re  sin  G' 
R 


F'  =  90  -  (E'  +  h1) 
and  the  data  loss  time  is  defined  by: 

2F' 


t  = 


where:  F  =  central  angle  velocity  (from  Section  C-2.2). 

The  data  loss  results  are  shown  in  Figures  C-3  and  C-5.  Figure  C-3  shows 
the  required  RF  beamwidth  versus  the  cone  of  silence  assuming  the  required 
azimuth  velocity  has  been  chosen  and  no  data  loss.  For  example,  a  cone  of 
silence  of  2  degrees  (maximum  elevation  of  88  degrees)  requires  an  azimuth 
velocity  of  23  degrees  per  second  and  a  RF  beamwidth  of  at  least  4  degrees 
in  order  to  not  lose  any  data.  Figure  C-5,  on  the  other  hand,  presents  the 
case  whereby  data  loss  is  incurred  when  the  beamwidth  is  too  narrow.  As  an 
example,  a  data  loss  of  4  seconds  is  incurred  when  a  cone  of  silence  of  1.5 
degrees  and  a  RF  beamwidth  of  1  degree  are  used.  For  both  figures,  the  worst 
case  satellite  pass  occurs  and  it  is  assumed  that  the  required  azimuth  rate 
is  used. 


C-3  Az-El  Mount  with  Capability  of  180 
Degree  Rotation  in  Elevation  Axis 

The  90  degree  elevation  limited  Az-El  antenna  can  be  modified  for  space 
applications  in  order  to  prevent  data  losses  at  zenith.  This  modification 
allows  the  elevation  axis  to  rotate  180  degrees  instead  of  only  90  degrees. 
The  actual  mechanical  modification  is  normally  easy  to  accomplish  on  the 
mount;  however,  a  much  more  complex  servo  drive  system  would  be  required. 
This  modification  causes  this  type  of  antenna  to  be  slightly  more  expensive 
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Figure  C-4.--RF  beamwidth  geometry 
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Figure  C-5.--Data  loss  as  a  function  of  RF  beamwidth  and  cone  of 
silence  for  an  overhead  pass,  assuming  that  the  AZ 
velocity  is  such  that  the  S/C  and  antenna  meet  together 
at  the  end  of  the  azimuth  rotation 
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than  the  previously  talked  about  antenna.  The  advantage  of  this  antenna 
is  that  it  tracks  the  satellite  through  zenith  without  a  drastic  azimuth 
rotation.  In  fact ,  this  antenna  approximates  the  more  complicated  and 
expensive  X-Y  mounts.  This  antenna,  however,  has  not  been  put  into  general 
usage  probably  because  of  the  increased  servo  system  complexity.  The  angle 
references  are  normally  the  same  as  the  90  degree  limited  antenna  with  the 
exception  that  180  degree  elevation,  180  azimuth  corresponds  to  the  southern 
horizon. 

For  this  antenna,  the  elevation  axis  rates  are  the  same  as  shown  in 
Figures  C-l  and  C-2  and  discussed  in  paragraph  C-2.1.  The  azimuth  rates 
have  not  been  calculated  and  are  left  up  to  the  designer  should  he  use  this 
type  antenna. 

C-4  X-Y  Mount 


The  X-Y  mount  is  more  expensive,  heavier,  and  harder  to  construct  than  the 
prior  antennas  mentioned.  This  antenna  consists  of  two  axes:  1)  the  X  axis 
and  2)  the  Y  axis.  Both  axes  rotate  through  a  total  angle  of  180  degrees  from 
horizon  to  horizon  with  the  X  axis  aligned  in  the  west-east  plane  and  the 
Y  axis  aligned  in  the  north-south  plane.  The  reference  point  for  locating 
both  axes  is  that  directly  overhead  (zenith,  true  vertical  from  the  ground) 
corresponds  to  0  degrees  in  both  axes.   The  angle  reference  range  is  then 
from  -90  to  +90  degrees  with   +90  degrees  referenced  to  north  in  the  Y  axis 
and  east  in  the  X  axis. 

As  can  be  envisioned,  this  antenna  is  ideal  for  earth-orbiting  space 
applications  since  it  can  "fold  over"  in  both  directions  through  an  overhead 
pass.  This  antenna,  however,  does  have  a  similar  awkward  situation  as  the 
Az-El  mount  and  occurs  at  the  horizon  in  each  axis  plane.   Thus,  the  antenna 
cannot  track  a  satellite  at  the  horizon  at  the  north,  east,  south,  or  west 
positions.  Normal  X-Y  mounts  have  been  able  to  restrict  the  non-tracking 
range  to  a  maximum  of  5  degrees  elevation  off  the  horizon.  Considering  that 
below  5  degrees  elevation,  the  satellite  signal  is  very  weak  and  the  station 
observer  is  trying  to  acquire;  it  appears  that  the  antenna  tracking  problem 
for  this  mount  is  insignificant.  Thus,  yery   little  or  no  data  loss  will  be 
observed  for  this  mount.  The  disadvantages  of  this  antenna,  as  mentioned 
before,  are  the  cost,  weight,  and  complexity.  As  a  result,  these  antennas 
are  not  widely  used  by  the  general  user. 

Since  both  axes  "fold  over"  the  rates  for  each  axis  are  easily  cal- 
culated. The  rates  shown  in  Figures  C-l  and  C-2  apply  to  this  antenna  for 
both  the  X  and  Y  axis. 
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APPENDIX  E  -  ABBREVIATIONS  AND  ACRONYMS 


AC 

ADACS 

AM 

Ant 

APT 

AVHRR 

Az 

BER 

bps,  BPS 

BR 

BSU 

BW 

°C 

CDA 

CIU 

CM 

C/N 

Acj> 

dB 

dBi 

dBm 

DC 

DCP 

DCPLS 


Alternating  Current 

Attitude  Determination  and  Control  Subsystem 

Amplitude  Modulation 

Antenna 

Automatic  Picture  Transmission 

Advanced  Very   High  Resolution  Radiometer 

Azimuth 

Bit  Error  Rate 

bits  per  second 

Bit  Rate 

Basic  Sounding  Unit 

Bandwidth 

Centigrade  degrees 

Command  and  Data  Acquisition 

Controls  Interface  Unit 

Centimeter 

Carrier-to-Noise 

Phase  Modulation  Index 

Decibels 

Decibels  referenced  to  isotropic 

Decibels  referenced  to  1  milliwatt 

Direct  Current 

Data  Collection  Platform 

Data  Collection  and  Platform  Location  System 
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DCS  Data  Collection  System 

deg  Degree 

Demod  Demodulator 

DOC  Department  of  Commerce 

DPU  Data  Processing  Unit 

DSB  Double  Sideband 

E^/Nq  Energy  per  bit/Noise  bandwidth 

EIRP  Effective  Isotropic  Radiated  Power 

El  Elevation 

etc.  and  so  forth 

FGGE  First  GARP  Global  Experiment 

Fm  Modulating  Frequency 

FM  Frequency  Modulation 

FSK  Frequency  Shift  Keyed 

G  Gain 

GAC  Global  Area  Coverage 

GARP  Global  Atmospheric  Research  Program 

GHz  giga-Hertz 

Gnd  Ground 

HEPAT  High  Energy  Proton  Alpha  Telescope 

HRPT  High  Resolution  Picture  Transmission 

Hz  Hertz 

i.e. ,  that  is 

IF  Intermediate  Frequency 

IFOV  Instantaneous  Field  of  View 

IR  Infrared 
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ITOS  Improved  TIROS  Operational  Satellite 

OK  Kelvin  degrees 

kbps  kilo  bits  per  second 

kev  kilo  electron  volts 

kg,  Kg  Kilogram 

kHz,  KHz  kiloHertz 

km,  KM  kilometer 

LAC  Limited  Area  Coverage 

LCP  Left  Circularly  Polarized 

LEPAT  Low  Energy  Proton  Alpha  Telescope 

m  Meter 

Max  Maximum 

Mb  millibars 

Mbps  Mega  bits  per  second 

mev  million  electron  volts 

MHz  MegaHertz 

Min  Minimum 

MIRP  Manipulated  Information  Rate  Processor 

mm  millimeter 

Mod  Modulation 

ms  millisecond 

MSU  Microwave  Sounding  Unit 

MTR  Motor 

mw  milliwatt 

NASA  National  Aeronautics  and  Space  Administration 

NESS  National  Environmental  Satellite  Service 
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Net. 

n.  mi. 

NOAA 

NRZ 

NSD 

osc 

paramp 

PCM 

PM 

POD 

preamp 

PSK 

R 

RCP 

Rcv'd 

RCVR 

Rec,  REC 

Req'd 

RF 

rms 

S/C 

sec 

SEM 

S/N 

S<f 

SR 


Network 
Nautical  Mile 

National  Oceanic  and  Atmospheric  Administration 
Non  Return  to  Zero 
Noise  Spectral  Density 
Oscillator 

Parametric  Amplifier 
Pulse  Code  Modulation 
Phase  Modulation 
Proton  Omnidirectional  Detector 
Preamplifier 
Phase  Shift  Keyed 
Tracking  Rate 
Right  Circularly  Polarized 
Received 
Receiver 

Recorder,  Record 
Required 
Radio  Frequency 
root  mean  square 
spacecraft 
seconds 

Space  Environment  Monitoring 
Signal  to  Noise 
Split  Phase 
Scanning  Radiometer 
E-4 


ssu 

Stratospheric  Sounding  Unit 

sync 

Synchronization 

sys 

System 

T 

Temperature 

TED 

Total  Energy  Detectors 

TIROS 

Television  Infrared  Observation  Satellite 

TIP 

TIROS  Information  Processor 

TOVS 

TIROS  Operational  Vertical  Sounder 

T/R 

Tape  Recorder 

TX,  XMTR,  TRANS 

Transmitter 

UHF 

Ultra  High  Frequency 

ym 

micrometer 

V 

Volts 

VCO 

Voltage  Controlled  Oscillator 

vdc 

Volts,  direct  current 

VHF 

^ery   High  Frequency 

VHRR 

Very  High  Resolution  Radiometer 

VS,  vs. 

versus 

W 

Watts 

XTAL 

Crystal 
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